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INTRODUCTION 
Potassium is the principal cation within the tissue cells. It 
functions with bicarbonate, chloride and phosphate and it is intimately 
associated with the metabolism of glycogen and protein. Many of the diets, 
with'which early weaned pigs are supplied, show different patterns in their 
sodium and potassium content. These differences are not usually considered 
in formulating pig rations as it is assumed that all rations are adequate 
in their potassium content. 
The potassium requirement of the pig has been studied recently by 
Jensen et al. (1961) who reported a minimum need for 0.25 per cent of the 
diet. This is higher than the earlier reported requirements of 0.08 to 
0.15 per cent set by Hughes and Ittner in 1942. These differences may be 
attributed largely to differences in growth rates of the pigs, but dietary 
levels of protein and energy also exert an influence on the potassium 
requirement. The results of Hannan (1959) showed that high levels of 
potassium supplementation of baby pig rations are beneficial to the growth 
and the efficiency of feed conversion of the pig. 
Metcoff et al. (1957) in studies of the treatment of kwashiorkor 
found that potassium supplementation of the ration is essential for 
recovery. In the potassium deficiency work of Eckel et al. (1958) it was 
reported that basic amino acids and potassium can both act as intracellular 
cations and can replace each other to a large extent. In states of 
potassium deficiency there is a decrease in the tissue potassium levels and 
one-half to two-thirds of this cation deficit is accounted for by a 
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diffusion of sodium into the cells. The rest is atrributed to an increase 
of lysine, histidine and arginine. 
Corn is especially low in its lysine content while soybean meal 
contains little methionine. If these components are used together, 
methionine is the first limiting amino acid at high protein levels, while 
lysine is the first limiting amino acid at low protein levels. Threonine 
is also limiting (Berry et al. (1962)), but it has not been widely studied. 
This background led to the study of the effects of potassium 
supplementation of low protein rations for baby pigs. A suitable comparison 
would then be made by also supplementing rations adequate in protein with 
potassium. The rations which are low in their protein content and low in 
their lysine content may show additional benefit from both lysine and 
potassium supplementation. The aim of establishing an interrelationship 
of potassium and the basic amino acids led to the investigation of the 
biochemistry and physiology of various tissues, together with the study of 
the general performance of pigs and the possibility of using rations of 
lower protein content than the previously reported requirements. 
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REVIEW OF LITERATURE 
Potassium Studies 
Sodium and potassium are closely related. Living organisms have 
remarkable powers of separation of sodium and potassium; potassium is 
concentrated in the intracellular fluid, while sodium is concentrated in 
the extracellular fluid. A difference in the behavior of sodium and 
potassium in ion transport may be related in part to atomic size. These 
are sodium 0.98 Angstroms and potassium 1.33 Angstrcms in diameter for the 
nonhydrated form, and 5.6 Angstroms and 3.8 Angstrcms respectively for the 
hydrated ion. When active transport by means of a carrier molecule is 
considered, only naked icms are carried and the smaller naked atoms are 
favored, and when passive diffusion across a membrane is considered, only 
hydrated cations participate and smaller hydrated ions are favored. The 
smaller ion binds the more water to form the hydrated form. The relative 
importance of these two processes of ion transport is reviewed and 
discussed by Comar and Broimer (1962). 
Several potassium studies have been made with pigs in the past, with 
most of these aimed at establishing the potassium requirement of this 
species. The earliest work was that of Hughes and Ittner (1942). Purified 
diets of a casein-sucrose type were used and pigs failed to grow unless 
rice bran filtrate or skim milk was added. The same growth stimulus 
could be obtained by the addition of potassium chloride, and potassium 
levels of 0.08 to 0.15 per cent of the diet were found to produce optimum 
performance. Potassium retention studies by Meyer (1950a) placed the 
potassium requirement at 0.23 to 0.28 per cent of the diet for weanling 
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pigs of 35 pounds initial weight. Jensen et al. (1961) studied the 
potassium requirement of the 2-week-old pig using a purified glucose 
and casein ration and found a potassium supplementation of 0.25 per cent 
of the diet produced the best gains and best efficiency of feed conversion. 
Lower potassium levels resulted in poor growth, rough hair coats, unsteady 
gaits and change in interval and amplitude of the electrocardiogram. These 
effects are caused by an atrioventricular block, (Sturkie (1950)). The 
final result is cardiac arrest in diastole if the potassium deficiency is 
carried to an extreme (Finch et al. (1946)). 
The absolute requirement of potassium is affected by a large number 
of factors which have been widely studied in the rat, chick and turkey 
poult. The potassium requirement of the chick was originally set at 
0.17 per cent of the ration (Ben-Dor (1941)), but values of 0.20 per cent 
are now usually quoted (O'Dell and Savage (1957)). Gillis (1948) found 
that rapidly growing white Leghorn male chicks require 0.24 per cent of 
the ration as potassium. If these requirements were not met growth was 
retarded, the use of the legs was limited and large amounts of ureates were 
excreted. In later studies by these same workers (Gillis (1950)) it was 
established that the potassium requirement was related to the growth rate. 
The more rapidly growing chicks required an amount of potassium equal to 
0.24 per cent of the diet, while other chicks required only 0.20 per cent 
potassium in the diet. Further, an interrelationship with the phosphorus 
content of the diet was observed. If the phosphorus level in the diet is 
suboptimal the 0.20 per cent potassium requirement is increased to 0.24 
per cent. More studies along this line were made by Wooley and Michelson 
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(1954) who varied the fat and protein content of rations fed to young rabbits. 
Leach et al. (1959) continued these studies in the chick. The potassium 
requirement for optimal growth was shown to increase as the protein content 
of the ration was increased, but the response was not linear in nature. 
The energy content of the diet and the age of the animal were found to be 
related to the potassium requirement. Studies with rats have shown a 
decrease in the potassium requirement from 0.18 to 0.09 per cent of the 
ration with change in age from one to six weeks. It is believed that this 
change can be attributed to a decrease in metabolic rate with increasing 
age and growth of the animal. 
Work by Suppléé et al. (1958) originally stated the requirement for 
potassium of turkey poults as 0.5 per cent of the ration. The potassium 
was supplied in the form of potassium chloride. Later these same workers 
found maximum performance by adding 0.6 per cent potassium to the ration 
again in the form of potassium chloride, (Suppléé and Combs (1950)). This 
was the highest level of potassium tested. The diets used supplied protein 
from both purified soybean protein and casein with no antibiotics. Anti­
biotics have been found to have a sparing action on the requirement of 
protein and several minerals including potassium, (Suppléé and Combs (I960)). 
In the presence of antibiotics the best growth rate was obtained with rations 
containing 0.45 per cent potassium, but without antibiotics in the ration 
0.6 per cent potassium gave the best performance. These results were 
attributed to the differences in absorption, however, no tests were made to 
substantiate the hypothesis. In summarizing the above statements, the 
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potassium requirements of all animal species are dependent on the age 
of the animal involved and on the protein, energy, mineral and antibiotic 
content of the ration. 
The association of sodium and potassium is based on early work, but 
in present nutritional problems this relationship is no longer considered 
of major importance. Suppléé and Combs (I960) changed sodium levels from 
0.6 to 0.9 per cent of the ration and could not modify the growth response 
of turkey poults to potassium supplementation. Grunert et al. (1950) in 
studies with rats found that the sodium requirement was independent of the 
potassium requirement, however, the potassium requirement was related to 
the sodium content of the diet. The optimum potassium level was 0.18 per 
cent if the sodium level was 0.1 per cent of the ration, but if the sodium 
was increased to 1 per cent of the ration the potassium requirement was 
reduced to 0.12 per cent. This illustrates a sparing action of sodium on 
potassium. Burns et al. (1953) fed chicks sodium levels from 0.02 to 1.0 
per cent with potassium levels from 0.11 to 1.5 per cent of the ration at 
each sodium level. With 0.77 per cent and higher levels of potassium in the 
ration there was high mortality in the 0.02 and 0.04 per cent sodium groups. 
As sodium levels were increased from 0.16 to 0.33 per cent, the potassium 
requirement for may-innim growth was 0.40 per cent, but as the sodium level 
increased or decreased outside these limits there was an increased potassium 
requirement. When the sodium level was 0.10 per cent, the potassium require­
ment was found to be 1.0 per cent of the ration which demonstrates a sparing 
action of potassium on sodium which is the reverse of that discussed above, 
(Grunert et al. (1950)). Meyer et al. (1950c) found that the sodium level 
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in the tissues increased and the potassium level decreased with potassium 
deficiency. High sodium levels are toxic and in their studies with rats 
this is exaggerated by potassium deficiency due to the imbalance involved. 
Some work has been reported on the feeding of potassium at much higher 
levels than the requirement. Leach et al. (1959) increased the protein 
content of their chick diets to 37 per cent and obtained improved growth 
when 0.5 per cent potassium was added to the ration although the requirement 
is believed to be only 0.30 per cent of the ration. Roine et al. (1949) 
found that the performance of guinea pigs could be improved by adding 2.5 
per cent potassium acetate with 0.5 per cent magnesium oxide to semipurified 
rations using casein as the protein source. Hannan (1959) found that the 
addition of 1.5 per cent potassium acetate would improve the performance of 
the baby pig. 
It has been reported that rats need a dose of 16 times the required 
level of potassium for the appearance of toxicity symptoms, (Drescher (1958)). 
In contrast with these results Grunert et al. (1950) reported 1.0 per cent 
potassium toxic at all sodium levels with regard to reduced growth rates of 
rats. Further reports show that 5.0 per cent potassium in the ration depressed 
gains and may even cause death, but these effects could be prevented by 0.1 
per cent magnesium in the ration, (Pearson (1948)). Results of Kunkel et al. 
(1953) have indicated that high levels of potassium similar to these, reduced 
the magnesium content of the blood plasma. 
Comar and Bronner (1962) summarized the published sodium and potassium 
values as follows: 
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Potassium (meq/Kg) Sodium (meq/Kg) 
Blood plasma 
Erythrocytes 
Kidney (whole) 
Liver (whole) 
Muscle (whole 110 
106 
95 
79 
4 
varies (4 to 100) 
83 
155 
40 
30 
Wotton et al. (1954) found the variation in the serum potassium 
level of humans to be 3.5 to 5.6 meq per liter. The sodium level varied 
from 133 to 152 meq per liter. These values are lower than those found 
for calves by Roy et al. (1959), who reported 6.0 meq per liter for potassium 
is an average value for healthy calves. The sodium and potassium content of 
the serum of pigs is even higher. Gardner et al. (1957) reported 5.8 to 
10.0 meq per liter of plasma and Hannan found 5.8 meq per liter. Red cells 
contained 126 meq per liter of potassium and 4.6 meq per liter of sodium. 
The values of Meyer et al. (1950c) varied from 5.9 to 7.7 meq per liter of 
blood plasma as the potassium content. 
A change in plasma potassium levels with increasing age of the pig was 
observed by Gardiner et al. (1953). At birth the plasma contained 5.8 meq 
per liter; after 8 days this increased to 6.3 meq per liter and after 15 
days the value was 6.4 meq per liter. The composition of pig muscle showed 
a potassium content of 44 to 110 meq per kilogram in the 2- to 4-week-old 
animal. 
The concentration of sodium and potassium found in the tissues of the 
pig is directly related to level of these elements in the rations. With 
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potassium deficient diets the sodium levels increased and the potassium 
levels decreased in muscle, blood plasma, kidney, thymus and spleen but 
there was no change in the liver concentration (Meyer et al. (1950c)). 
These findings are in contrast with those of Darrow et al. (1953) where 
changes of this type were seen in the blood plasma and muscle but the 
electrolyte concentration of the kidney remained unchanged. The blood 
sodium and potassium content could not be altered by the diets fed by 
Stone et al. (1961). 
Burns et al. (1953) found that the sodium level of the blood plasma 
and the whole blood were increased with increased dietary intakes of 
sodium and correlated with this there was a decrease in the potassium 
levels of the blood plasma and whole blood. High levels of dietary 
potassium increased the potassium level of most tissues but there was 
little change in the sodium values, Meyer et al. (1950c). McCance and 
Widdowson (1958) exposed baby pigs to excessive doses of potassium chloride 
administered with a stomach tube. In all animals the potassium dosing 
caused a decrease in the sodium content of the muscle with a corresponding 
increase in the potassium content. 
Senecal (1958) reported that the blood plasma potassium levels were 
reduced to 2 meq per liter with protein malnutrition in children which is 
also accompanied by a reduction of the total electrolytes, (Metcoff et al. 
(1957)). 
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Lysine Requirements 
The dietary levels of amino acids which are adequate to meet the 
daily needs of the growing pig from 25 to 70 pounds have been studied and 
the National Research Council (1959) nutritive requirements recommend a 
lysine allowance of 0.65 per cent of the diet. Studies with the baby pig 
are summarized to show that 0.94 per cent lysine in the ration is sufficient 
for normal growth and performance. With the commonly used protein sources 
in present day swine rations, lysine is one of the more variable amino 
acids. Com is notably low in its lysine content and the composition of 
frequent ration ingredients has been summarized in Table 1. 
The essentiality of lysine for swine was first shown in 1949 by 
Mertz et al. Also the early work of Brinegar et al. (1950) estimated the 
dietary lysine requirement at 1.2 per cent of the total ration or 5.5 
per cent of the dietary protein. Weanling pigs of 30 pounds initial weight 
were used in this study and the protein content of the ration was 22 per cent. 
In a further experiment a 10.6 per cent protein ration was fed and the lysine 
requirement was now found to be reduced to 0.6 per cent of the total ration, 
but this was still 5.5 per cent of the dietary protein. Similar values were 
obtained by Shelton et al. (1951) who suggest the lysine requirement of the 
growing pig as 1.0 per cent of the ration. The protein of these rations was 
supplied by zein and gelatin. 
Recent work by Evans (1960) estimates the lysine requirement of 25- to 
70-pound pigs as 0.65 per cent of the ration using different vegetable 
proteins. McWard et al. (1959) performed similar studies using sesame meal 
supplemented with histidine as the protein source. It was established that 
Table 1. The composition of some swine ration ingredients3 
% of Ration 
Protein Sodium 
Potas­
sium Lysine 
Àrgi-
nine 
tiisti-
dine 
Methi­
onine if i Phenyl­alanine 
Alfalfa meal 
(dehydrated) 20.0 0.06 2.20 1.10 0.70 0.42 0.30 0.84 0.99 
Casein (crude) 0.06 0.08 7.60 • • • • • • • • • • • • 
Corn 8.05 0.01 0.34 0.27 0.37 0.22 0.17 0.42 0.42 
Cottonseed meal 39.6 0.02 1.26 1.67 4.38 1.07 0.59 1.45 2.09 
Dried distillers' 
solubles 27.0 0.26 2.10 0.67 1.00 0.64 0.48 0.72 1.00 
Fish meal (menhaden): 67.4 0.60 0.79 4.60 4.40 1.24 1.75 1.97 2.26 
Linseed meal 36.7 0.05 1.11 1.30 3.40 0.66 0.61 1.01 1.65 
Meat and bone meal 52.0 0.85 0.42 2.90 3.80 0.91 0.70 • • • • 1.79 
Oats 12.0 0.01 0.51 0.53 0.90 0.26 0.16 0.44 0.59 
Skim milk (dried) 33.4 0.51 1.74 2.11 1.10 0.78 0.91 1.73 
Soybean meal 45.0 0.02 1.85 2.80 3.40 1.10 0.60 1.83 2.20 
Wheat 12.0 0.01 0.34 0.32 0.60 0.26 0.17 0.56 0.57 
Whey 13.0 « • t • 1.00 0.40 0.20 0.25 0.36 
^According to values by Lyman et al, (1956) and (1958), Hubbell (1961), and Meyer et al. 
(1950b). 
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weanling pigs fed 12 per cent protein rations required 0.71 per cent 
lysine or 5.55 per cent of the protein. If the protein level was increased 
the lysine requirement was also increased, but in this case it was not a 
linear effect. With 22 per cent protein rations the lysine requirement 
was 0.95 per cent of the ration which is only 4.38 per cent of the protein. 
Hutchinson et al. (1956) also fed 11.7 per cent protein rations and optimum 
growth was obtained with 0.52 per cent lysine. Baby pigs, 9.5 pounds initial 
weight, had a lysine requirement of 0.94 per cent of the ration which 
contained 14.3 per cent protein (Hutchinson et al. (1957)). Bellis (1961) 
suggested a lysine requirement as 0.85 per cent of the ration at 40 pounds 
but this is reduced to 0.67 per cent at 120 pounds. Germann et al. (1958) 
in extensive trials with 25-pound pigs fed 12.9 per cent protein rations 
and found that 0.70 per cent lysine was adequate. 
The deficient lysine content of low protein, corn and soybean meal 
rations has been the stimulus for much research in this field. Becker et al. 
(1954) fed practical 12 per cent protein rations to pigs and found 0.63 
per cent lysine was adequate for 40- to 100-pound animals, but the require­
ments for younger pigs were increased. Lysine, at a level of 1.42 per cent, 
produced good growth in 1- to 4-week-old pigs and 0.72 per cent lysine was 
adequate for the 4- to 9-week-old pig. 
Catron et al. (1953) fed growing pigs corn and soybean meal protein 
rations which contained 12, 14 and 16 per cent protein. The 14 and 16 per cent 
protein rations which contained 0.66 and 0.81 per cent lysine could not be 
improved by lysine supplementation, but growth was significantly improved 
by the addition of 0.1 per cent lysine to the 12 per cent protein ration. 
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The 14 per cent protein ration was not affected by the lysine supplementa­
tion but a significant growth response was obtained from methionine. This 
work was continued with baby pigs (Nielsen (I960)) and 0.85 per cent lysine 
in an 18 per cent corn and soybean meal ration was below the lysine require­
ment of the baby pig. For 10 and 12 per cent protein rations for growing 
and finishing pigs this worker recommends the addition of one pound L-lysine 
hydrochloride per ton of feed. 
Margurder et al. (1961) supplemented practical swine rations with 
lysine. The high protein ration contained 14 per cent protein which was 
later reduced to 12 per cent, and the low protein ration contained 11 
per cent protein initially and this was later reduced to 9 per cent. At 
the lower protein level, lysine improved growth so that it was almost equal 
to the performance of animals on the high protein ration. Lysine supplementa­
tion of the high protein ration did not improve the performance. Similarly 
0.1 per cent lysine was of no benefit to the pigs kept on 14, 16 and 18 
per cent protein rations by Pfander and Tribble (1955). Noland et al. (1959) 
supplemented their com and soybean meal rations containing 12 per cent 
protein with as much as 0.4 per cent lysine for the best performance, while 
Bowland (1962) found 0.2 per cent lysine supplementation of a 13 per cent 
protein ration, making the total lysine content 0.75 per cent was adequate 
for optimum performance. 
Cottonseed meal is a protein source of some importance for swine feeding 
in some parts of this country. Cottonseed meal has a much lower lysine 
content than soybean meal and hence a response to lysine supplementation can 
be obtained at quite high protein levels. Hale and Lyman (1961) found that 
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lysine additions to the diet improved the growth rate of growing and 
finishing pigs fed a 16 per cent protein ration from sorghum grain and 
cottonseed meal sources. 
Studies of the effect of amino acid supplementation on nitrogen reten­
tion showed that this could not be improved by methionine, tryptophan or 
lysine additions to 16 per cent protein rations (Meade (1956)). A unique 
method of the estimation of the amino acid requirement for growth by the 
assay of the carcass was devised by Williams et al. (1954), by which the 
lysine requirement was estimated at 5.5 per cent of the dietary protein or 
1.1 per cent of the total ration. However, this method has been greatly 
criticized by Ericson (1961) and others. 
Rations containing dried skim milk were fed to baby pigs by Hays et al. 
(1959) and the better growth produced by this protein source was attributed 
to the better digestibility and possibly availability of milk protein as 
well as the amino acid composition. Previous work indicated that many 
factors must be considered in establishing the amino acid requirements of 
a species. 
There is also believed to be a difference between the lysine require­
ment of the male and the female, the males requiring more lysine in the 
ration, (Germann et al. (1958)). 
Wheat is the major source of protein in human nutrition and it is also 
notably low in its lysine content. Supplementation of milled wheat flour 
with 0.2 per cent lysine resulted in increased growth in rats, (Sure (1953)). 
Harris and Burress (1959) fed rats wheat protein rations and egg protein 
rations containing 8 and 15 per cent protein. Optimum response was found 
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by the addition of 0.31 per cent lysine to the ration containing 8 per cent 
protein from wheat and 1.18 per cent lysine to rations containing 15 
per cent protein from wheat. With these additions the rations containing 
15 per cent protein from wheat produced growth in rats which was equal 
to the growth produced by the egg protein rations. 
There is much disagreement whether the lysine requirement is or is 
not related to the growth of the animal. Recently, Grinniger and Scott 
(1959), found that the growth rate of chicks does not influence the lysine 
requirement if growth, gain or growth per day are taken as criteria of 
response. On the other hand, Edwards et al. (1956) found the lysine 
requirement varied from 1.1 to 0.9 per cent of the diet depending on the 
growth rate. 
In summarizing the above studies and the data represented in Table 2, 
much work has been done in this area and the lysine requirements have been 
fairly well established. They are dependent on the protein level, amino 
acid digestibility, amino acid availability and possibly the sex of the 
animal. Table 2 indicates that in general the lysine requirement is 
independent of the growth rate. 
Although the requirement for all amino acids has been established for 
the pig, optimum growth is not obtained on a purified diet when the pigs 
are fed crystalline amino acids in the proportions which do elicit good 
growth in the rat or the chick. A species difference is indicated. The 
addition of 3 per cent casein protein improved the performance, (Dudley 
et al. (1962)). 
Table 2. Summary of the reported lysine requirement of swine 
Requirement 
Age 
% protein in 
ration % of protein % of ration Reference 
24.0 0.94 4.0 N.R.C. (1959) 
22.0 1.42 6.4 Becker et al. (1954) 
18.0 0.95 5.3 Nielsen (lti60) 
14.2 0.94 6.7 Hutchinson et al. (1956) 
23.8 1.00 4.2 Shelton (1951) 
22.0 1.20 5.5 Brinegar (1950) 
21.7 0.95 4.4 McWard (1959) 
20.0 1.10 5.5 Williams (1954) 
18.0 0.90 5.0 Pfander et al. (1955) 
16.0 0.80 5.0 Pfander et aT. (1955) 
16.0 0.81 5.1 Catron eT~aT7 (1953) 
16.0 0.75 4.7 Bowland""tï95"2) 
16.0 0.85 5.3 Bellis (1961) 
15.9 0.69 4.3 Meade (1956) 
14.0 0.66 4.7 Catron et al. (1953) 
14.0 0.70 5.0 Pfander et al. (1955) 
13.0 0.75 5.8 Bowland 
12.0 0.71 5.5 McWard (1959) 
12.0 0.72 5.9 Becker et al. (1954) 
12.0 0.65 5.5 Evans "0"96Ô) 
11.7 0.52 4.4 Hutchinson et al. (1956) 
10.6 0.60 5.7 Brinegar (llflTOj"" 
16.0 0.64 4.0 N.R.C. (1959) 
23.8 1.00 4.2 Shelton (1951) 
14.0 0.67 4.1 Bellis (1961) 
12.0 0.63 5.2 Becker et al. (1954) 
Baby pigs 
Baby pigs 
Baby pigs 
Baby pigs 
Growing pigs 
Growing pigs 
Growing pigs 
Growing pigs 
Growing pigs 
Growing pigs 
Growing pigs 
Growing pigs 
Growing pigs 
Growing pigs 
Growing pigs 
Growing pigs 
Growing pigs 
Growing pigs 
Growing pigs 
Growing pigs 
Growing pigs 
Growing pigs 
Growing pigs 
Finishing pigs 
Finishing pigs 
Finishing pigs 
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Recently there have been reports on the effect of supplementing high 
levels of lysine. Nielsen (1960) reported a growth depression if 20 
per cent protein pig rations contain more than 1.4 per cent lysine. Jones 
(1961) found reduced growth in chicks fed rations containing 3.7 per cent 
lysine. In contrast to this, rats fed five times their lysine requirement 
showed no toxic effects, (Harris and Burress (1959)). An amino acid 
imbalance must be considered in all these reports. Gessert and Phillips 
(1956) fed low protein diets to dogs and found the addition of lysine or 
methionine singly depressed growth, but if a combination of the two was 
used then there was a growth response. Fisher et al. (1960) fed 12 and 24 
per cent protein peanut meal diets to chicks and improved growth by 
methionine and lysine supplementation. If lysine alone was added to 12 
per cent protein rations there was no growth response and similarly 
methionine supplementation to the 24 per cent protein ration caused a 
growth depression. These results are explained on the basis of a greater 
methionine requirement for maintenance at the low protein levels and a 
higher lysine requirement for rapid growth at the high protein levels. 
Lysine and Potassium Relationships 
Retardation of growth in African and South American children after 
the first half year is common where low quality protein sources are dietary 
staples. This protein malnutrition disease is called kwashiorkor. In all 
cases of children suffering from kwashiorkor, low levels of blood potassium 
have been reported (Metcoff et al. (1957)). For the treatment of kwashiorkor 
protein hydrolysates give excellent results, but it is necessary to supplement 
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with potassium to obtain this response. Senecal (1958) suggests the 
addition of 100 to 200 milligrams of potassium per kilogram of body 
weight per day, supplied preferably in the citrate or acetate form. It 
is believed the potassium benefit comes, at least, in part from its 
ability to correct the acid-producing tendency of the high protein diet. 
Senecal (1958) also reduced serum protein values in protein defici­
ency cases. Normal values are 7 per cent plasma proteins while 4 per cent 
is an average value for kwashiorkor cases. Total plasma proteins increase 
with treatment but the greatest increase is with the albumin fraction. 
There is also an increase of beta globulin but a corresponding decrease 
in alpha and gamma globulin. Studies with pigs by Piatt (1961) showed 
not only reduced plasma protein levels but also reduced hemoglobin levels 
in animals fed low protein diets. 
Riggs et al. (1958) showed that the availability of cellular potassium 
or a suitable substitute cation appears necessary for optimal amino acid 
uptake by Ehrlich ascite tumor cells. Lowered cellular potassium causes 
depressed glycine uptake even when extracellular potassium is normal. 
Inhibitors of glycine accumulation cause a loss of cell potassium. The 
potassium can be replaced by lysine, alpha gamma diaminobutyric acid and 
rubidium without changing the glycine uptake but sodium and lithium cannot 
be used. An explanation of such phenomena is that the exodus of potassium 
ion or the entry of sodium into the cell drives the inward transport of 
amino acids, Christenson (1962)). 
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Cannon et al. (1952) assumed potassium was necessary for muscle 
protein synthesis due to the high muscle potassium contrat. Rats, depleted 
of protein until they were 25 to 30 per cent of their initial weight, were 
then fed low and high potassium rations adequate in all ingredients. 
Protein repletion was rapid in the presence of potassium. Frost and Sandy 
(1953) also studied the role of potassium in amino acid utilization 
following protein depletion, and found that rats depleted of protein failed 
to grow even when offered a complete source of amino acids if at the same 
time potassium was withheld. Similar effects could not be observed with 
sodium, calcium or magnesium. Potassium deficiency thus limits protein 
regeneration and under certain dietary circumstances the rate of amino 
acid utilization may be proportional to the dietary adequacy of potassium. 
Further protein and amino acid relationships to potassium are 
indicated in studies aimed at the improvement of protein quality. Wheat 
protein is low in its lysine content and the lysine present is rendered 
unavailable by heating. Different results from the study of lysine 
supplementation may be explained by the unavailability of lysine in some 
of the rations or it may be related to the potassium contrats of the rations. 
Gershoff et al. (1959) fed rats 15 per cent protein-wheat rations 
containing 0.58 per cent lysine of which only 0.31 per cent was found to 
be available. Lysine supplementations of 0.25 per cent and 1.0 per cent 
were tested each at two potassium levels, 0.14 and 0.72 per cent. The 
growth rates were found to be related to the lysine contents of the rations, 
but increased potassium in lysine deficient diets gave a definite protective 
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effect. Low levels of dietary potassium have an adverse effect on growth 
which is accentuated by lysine deficient diets. The level of potassium 
intake may be critical when the rate of formation of body proteins is 
increased due to growth or protein repletion. Zaleski and Harris (1961) 
observed the effects of dietary levels of lysine and potassium on the 
growth rate and body composition of weanling rats fed 8 per cent protein-
wheat diets. The dietary lysine levels were 0.17 and 0.42 per cent while 
the potassium levels were 0.075 and 0.485 per cent. The main effect 
under these extreme conditions was significantly greater growth with the 
higher lysine level and these results confirmed the findings of many 
investigators who have observed that the fortification of wheat protein 
with lysine results in improved performance of the immature rat. The 
higher potassium level produced slightly better weight gains but the 
significance of these results could not be shown. 
Studies with children (Bamess et al. (1961)) showed the need for 
potassium and lysine supplementation for efficient utilization of wheat 
protein. Results of nitrogen balance studies carried out with 22 children, 
using refined wheat protein with added lysine and potassium, gave values 
for performance which were close to those of children fed milk diets. 
This indicated that supplemented wheat protein is an adequate protein 
source for growing infants especially since wheat and milk mixtures were 
not improved by supplementation with lysine and potassium. The daily 
protein intake in these studies varied from 6 to 14 per cent and the 
lysine varied from 3.6 to 5.5 per cent of the protein. Lysine 
supplementation increased the lysine content of the ration to 0.55 
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per cent lysine from a value of 0.35 per cent. The supplementation of 
wheat protein rations with lysine alone did not improve the nitrogen 
retention of these children and similarly, no response was obtained 
from potassium alone. Both lysine and potassium additions are required 
and these must be mixed in the daily wheat diet. 
Potassium deficiency is attended by the decrease of the potassium 
content of the skeletal muscle and an increase of the muscle sodium 
content equivalent to one-half to two-thirds of the potassium lost 
depending on the duration of the depletion period and other factors, 
(Orent-Keiles and MeCollum (1941)). Thus, compared to normal, the 
potassium deficient muscle has an alkali metal cation deficit. Data 
obtained by various techniques have suggested that this deficit represents 
hydrogen ions which have entered the muscle cell in exchange for potassium 
and which are undetermined by classical methods of muscle analysis. 
Gardner et al. (1952) showed that the intracellular pH of potassium 
deficient muscle is lower than that of control muscle. Injection of 
potassium chloride into nephrectomized, potassium-deficient rats results 
in a lowered pH in the plasma, (Orloff et al. (1953)). This effect is 
not observed when sodium chloride is injected. The explanation given is 
that the injected potassium exchanges for the intracellular hydrogen ions. 
Balance studies by Cooke et al. (1952) indicate that the net loss of 
hydrogen ions which occurs from the intact rat during recovery from 
potassium deficiency is coincident with the disappearance of cation deficit 
from the muscle. If a reasonable figure is assumed for the amount of 
muscle in the body, this hydrogen ion loss is équivalait to the cation 
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deficit of the entire muscle mass of the whole rat. 
Hie exchange of hydrogen and potassium ions is not the only 
possible interpretation of these results. If part of the potassium lost 
from muscle were replaced by an amine, imidazole or qiiani.di.ne derivative, 
any one of these could act as a cation at physiological pH values. 
Body fluids have an enormous buffering capacity, 8 to 11 meq excess 
of anions or deficit of cations would be required to acidify 100 grams 
of fat free dry muscle 0.5 pH units. No evidence of increased organic 
acids, increased anionic equivalence of muscle proteins or of decreased 
concentrations of weak bases, which are potential cations in cell acidosis, 
was found by Eckel et al. (1959). This fails to account for the reported 
cell acidosis. Intracellular pH calculated from the distribution of carbon 
dioxide in muscle and from the pH of muscle homogenates was found to be 
independent of the potassium treatment imposed. 
Gardner et al. (1957) investigated another aspect of the same problem. 
They measured the calcium and magnesium content of control and potassium 
deficient muscle and found an increase in calcium and magnesium in the 
potassium deficient muscle which was equivalent to the alkali metal cation 
deficit. However, these results could not be confirmed by Cotlove et al. 
(1951) in shorter experiments with younger rats. 
The inability of young rats to grow and maintain a nitrogen equilibrium 
on potassium deficient diets makes it conceivable that due to a failure of 
protein synthesis the precursors of proteins, namely the amino acids, might 
accumulate in potassium deficient animals. This led to the investigation of 
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the amino acid contents of potassium deficient muscle, kidney and blood 
by Iacobellis et al. (1957) and Eckel et al. (1958a) who reported a rise 
in lysine and other basic amino acids in potassium deficient rats. The 
basic amino acids of the blood plasma increased two fold. A rise in the 
ninhydrin reacting material in the plasma could not be entirely accounted 
for by the increase in basic amino acids. In muscle tissue basic amino 
acids, especially lysine, increased five to ten fold and accounted for 
the entire alkali metal cation deficit suggesting that basic amino acids 
play an important role in the cation balance of muscle tissue, accumula­
ting in muscle when the sum of the metallic cations falls below the sum 
of the anions. The excretion of acid during the recovery from potassium 
deficiency is not conclusive evidence that the hydrogen ions come from 
muscle but it may be attributed the complete oxidation of lysine, (Eckel 
et al. (1958a)). 
Brandt et al. (1960) also studied the potassium deficiency of rats. 
Again, significant potassium repletion and accumulation of sodium in the 
muscle tissue of potassium deficient rats were found, when compared to 
pair fed control animals. There was a significant increase in the concentra­
tion of lysine, histidine and arginine in both the muscle and kidney tissue 
of the potassium deficient rats. The difference in the potassium content 
of the muscle of the deficient and the control animals increased as the 
duration of the diet was prolonged. The same applied to the sodium levels 
but the camosine and anserine levels of the tissues were not affected by 
the potassium treatments. 
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In a study to measure the competition of lysine and potassium for 
entrance into the muscle cell, (Eckel et al. (1958b) supplemented lysine 
and equimolar amounts of ammonium chloride to the diets of both control 
and potassium deficient rats. The lysine levels in the tissues of the 
lysine supplemented rats were high. Potassium deficient rats fed 
ammonium chloride tended to have low plasma basic amino acid levels as 
compared to the controls. The same picture was observed in both muscle 
and plasma. This work suggests that the basic amino acid accumulation 
can occur in the absence of potassium depletion if the plasma level of 
lysine is raised and the available lysine increased by feeding lysine 
hydrochloride in the ration of partially fasted rats. Usually there is 
a close reciprocal relationship between the level of potassium and basic 
amino acids in the muscle during the development and repair of potassium 
deficiency. Eckel et al. (1958b) showed an exception when the fall of < 
potassium level in the muscle was not accompanied by an increase in the 
basic amino acids. The lysine accumulation of potassium deficient muscle 
was accentuated by lysine feeding and diminished by the feeding of 
ammonium chloride. 
Levinsky et al. (1962) used isolated rat muscle to show that the cationic 
amino acids decrease the steady state potassium content of rat muscle, 
in vitro. Some of the neutral amino acids do have a slight effect, but 
the anionic amino acids did not influence the potassium levels. The 
potassium loss from the cells was increased as the lysine of the medium 
was raised to 8 nMoles but higher values caused no further decrease, and 
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potassium was actually intracellularly replaced by lysine. The lysine 
accumulation was rapid but the loss was slow. The presence of 50 mMoles 
of potassium per liter of medium failed to affect the rapid rate of 
potassium accumulation by muscles previously leached of potassium. This 
showed that the cationic amino acids did not depress muscle potassium by 
competing for entry at the cell surface, and suggested that there may be 
a competition for intracellular anionic binding sites. 
Cohn and Esdall (1943) state the pK values of the imidazole rings 
of histidine, camosine and anserine as 6.00, 6.83 and 7.04, respectively. 
At physiological pH values the hydrogen ion would exist at least partially 
dissociated and an appreciable portion of all three compounds would exist 
in a form without net charge. Brandt et al. (1960) showed that the 
concentrations of camosine and anserine are not increased in the muscle 
of potassium deficient animals and this is consistent with the lack of 
protonation suggested by Cohn and Eds all (1943). However, a significant 
increase in histidine was shown by Brandt (1960). Darrow et al. (1953) 
found that the sodium and potassium concentration of the kidney does not 
alter in potassium deficiency states, but lysine, arginine and histidine 
values are increased, (Brandt et al. (I960)). On the other hand, Meyer 
et al. (1950c) found that the kidney potassium level was reduced in 
potassium deficiency states. 
Free Amino Acids in Blood Plasma and Other Tissues 
In most microorganisms and higher plants the nitrogen for protein 
synthesis is assimilated in the fora of simple compounds such as nitrate, 
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ammonia and amino acids. In higher animals most of the nitrogen used 
for metabolic purposes is derived from the digestion of tissue proteins 
of other organisms. Before this dietary nitrogen can be made available 
for the synthesis of new proteins, the ingested protein must first be 
degraded to amino acids or other simple nitrogen compounds with few 
exceptions. Organisms that can use proteins as a source of nitrogen are 
equipped with enzymes that catalyze the hydrolytic cleavage of peptide 
bonds. An example of the use of the whole protein molecule is seen in 
the absorption of gamma globulin from colostrum in the very young animal, 
(Speer et al. (1959)). It has also been demonstrated by Grusky and Cooke 
(1955) that infants can absorb small amounts of unchanged egg albumin 
during the recovery from diarrhea. 
The concentration of free amino acids in the peripheral blood is 
found to be related to that found in the diet. A surplus, or a deficiency, 
is reflected to an exaggerated extent in the blood although the amounts of 
amino acid are modified by absorption into the tissues. These observations 
have led to much study of the free amino acids in the blood, and to the 
proposal that amino acids in the blood could be used as a sensitive index 
of protein quality and amino acid requirement. 
Plasma amino acid studies were initiated by Hier in 1947. Dogs were 
fed single amino acids and increases of the level of these amino acids in 
plasma were observed. Puchal (1962) supplemented baby pig rations with 
methionine and found an increase in the blood plasma content of this amino 
acid. This effect was not observed with dietary additions of leucine, 
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isoleucine and phenylalanine. Tonkinson et al. (1961) increased the 
lysine content of turkey rations from 2.17 to 3.67 per cent by 
substituting soybean meal for soybean meal of the basal ration. As 
the dietary lysine content of the ration increased the plasma lysine 
content increased, but there was also an increase in histidine and 
isoleucine of the plasma. On the other hand, the plasma levels of 
arginine, aspartic acid, glycine, methionine and serine decreased. These 
studies were made with rations containing 35 per cent crude protein. 
Owings (1960) also added lysine to chick rations and found the same 
increase of free lysine in the blood plasma, together with a significant 
decrease in arginine. Richardson et al. (1953) fed chicks a basal milo 
and peanut meal diet which was deficient in lysine and methionine. 
Methionine additions to the ration increased the plasma methionine levels 
but decreased the levels of arginine, lysine and valine. Lysine supple­
mentation increased lysine, valine and rather surprisingly also arginine 
in the blood plasma. If both lysine and methionine are supplemented then 
the blood changes are similar to those when methionine is added alone. In 
contrast with these studies, Morrison et al. (1961) found plasma levels of 
lysine to increase with supplementation of lysine up to a dietary level of 
1 per cent lysine. This was 0.2 per cent greater than needed for marinum 
growth. The plasma level of threonine decreased as the dietary lysine 
increased in these studies. The rise in free amino acids is not restricted 
to the plasma but can also be observed in other tissues, (Christensen et al. 
(1948)). 
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By the many studies of Almquist (1954) it was demonstrated that a 
definite relationship between dietary and free amino acids in the blood 
exists and that if access of one amino acid is present in the diet then 
high levels of that amino acid are found in the blood plasma. If there 
is a deficiency of an amino acid in the diet then low levels of that amino 
acid are found in the blood plasma. The relative proportions of amino 
acids were found to be a more important attribute than the level of 
protein in the diet, (Almquist (1952)). 
Extensive studies by Charkey et al. (1953) showed that dietary 
amino acid levels could be correlated with blood plasma levels for the 
following amino acids: arginine, lysine, methionine, tryptophan, and 
histidine. McLaughlan et al. (1961) found that the dietary lysine level 
showed a positive correlation with the lysine level of the plasma with 
bread, oatmeal, eggs, beans, casein or fish meal as the protein source. 
Puchal (1962) working with baby pigs found the plasma amino acid contents 
to be related to the amino acid contents of the protein source using dried 
skim milk, soybean meal, fish meal, cottonseed meal and meat meal rations. 
The levels of the nonessential amino acids in the plasma were much more 
variable than the levels of the essential amino acids. Glycine and glutamic 
acid levels in the plasma were not related to dietary intakes. 
Good correlation was also found between the amino acid content of the 
diet fed to lambs and their plasma amino acid contents (Theurer (1962)). 
The total free plasma amino acids were similar on different fed protein 
sources but there was a change in the amino acid pattern. 
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Ritchey and. Richardson (1959) increased, the protein level in the diet 
of growing pigs from 0 to 15 to 30 per cent and found increased concentra­
tions of all amino acids except lysine in the plasma. The increase in 
changing from 0 to 15 per cent protein rations was slight, but as the 
protein level was further increased to 30 per cent of the ration the free 
amino acids of the plasma were almost doubled, reflecting the surplus of 
amino acids supplied. Slightly different results were obtained by Olsen 
et al. (1959) who found that increasing the dietary protein of chicks from 
15 to 30 per cent of the ration caused an increase of the glycine, iso­
leucine, leucine, lysine, methionine, threonine and valine content of the 
plasma. However, the plasma concentration of arginine, histidine, phenyl­
alanine, tryptophan and tyrosine was not altered. This second group of 
amino acids which maintained a relatively constant level included all the 
amino acids with ring structures and double bonds. Morrison et al. (1961) 
increased the dietary protein level from 10 to 20 per cent in the diets of 
rats and no increase in lysine could be detected in the plasma. Ihis was 
explained by greater protein synthesis at higher protein levels and hence 
more rapid removal of lysine. 
Longenecker and Hause (1961) found that the lowest concentration of 
protein amino acids found in the plasma was not always correlated with 
the amino acids found in the lowest amounts in the diet, suggesting the 
involvement of other factors. Amino acids are taken up by the tissues at 
rates proportional to their requirements. An amino acid score for deter­
mining the most limiting amino acid is suggested. The difference in plasma 
free amino acids before and after a meal is determined and this is 
divided by the requirement for that amino acid. The lowest chemical 
score indicates the most limiting amino acid. 
Almquist (1954) found that the amino acid composition of animal 
tissues is independent of the diet. Bender and Doehl (1962) fed low 
lysine diets to rats and pigs and could not alter the plasma protein 
composition as related to its arginine and lysine content. Early studies 
by Albanese (1953) do not agree with these observations and reported that 
arginine could replace some of the lysine in plasma proteins. 
Charkey et al. (1954) reported that the plasma free amino acid 
content of chicks is higher at 6 weeks of age than at 2 weeks of age. 
Working with pigs, Richardson et al. (1958) found that under their condi­
tions 40-pound pigs had higher plasma values for glutamic acid and valine 
than the 150-pound pig which had higher plasma values for methionine, 
lysine and leucine. Puchal (1962) found that the blood plasma content of 
most essential amino acids increased in pigs from 2 to 6 weeks of age, but 
this increase is not observed in the nonessential amino acids. Puchal 
(1962) showed that dried skim milk rations produced a higher total plasma 
amino acid content than other protein sources and there was a gradual 
increase in the amino acids with increasing age. With soybean meal protein 
rations there was an abrupt change in amino acid pattern between 3 and 6 
weeks at which stage of development growth also showed rapid improvement. 
Chubb (1959) and Hier and Bergeim (1946) found no differences in the 
free plasma amino acids between males and females. On the other hand 
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Morrison et al. (1961) observed that female rat plasma contained more 
free lysine than that of males. The difference was explained by a 
growth hormone effect on amino acid transport into the tissues. In 
chickens the reverse is true, the lysine content of blood from cockerels 
is higher than that from pullets, (Charkey et al. (1953)). The sex 
effects are slight and have not been adequately established. 
An interesting observation is that Gray et al. (1960) found after 
fasting there was a rise in plasma lysine levels, irrespective of the 
diet. The accumulation is explained by difficulty in deamination. Also, 
if a lysine deficient diet was replaced by a lysine adequate diet the 
restoration of plasma levels was slow. Hydrolyzed plasma filtrate showed 
little change in amino acids indicating that the amino acid changes in the 
plasma cannot be attributed to breakdown and synthesis of peptides or 
amino acid conjugates. 
Plasma amino acids, in general, increase after eating a meal. Valine, 
isoleucine and leucine are the most increased, and also lysine and 
arginine, however, Frame (1958) showed that glycine and alanine were 
actually decreased. After the initial increase in the plasma amino acid 
levels, there is utilization of the amino acids and a rapid decrease of the 
amino acid concentration of the plasma results due to this utilization, 
(Denton and ELvehjem (1954)). 
Rats fed a meal of fresh pork showed increases in plasma amino acids, 
but if autoclaved pork was fed there was no increase, (Wheeler and Morgan 
(1958)). Autoclaving the protein decreased its biological value. Guggen­
heim et al. (1960) worked with raw, heat processed and overheated soybean 
31b 
meals. Again it was observed that lysine and methionine levels in 
the portal blood depend not only on the amounts of the amino acids 
in the feed, but also on the digestive release and absorption. Changing 
the source of carbohydrate fed also altered the response obtained. 
Puchal (1962) showed portal and vena cava blood to have a similar 
analysis for free amino acids, but values in the portal blood are 
somewhat higher. For a discussion of this topic, one is referred to 
the thesis of Puchal (1962). 
The free amino acid content of tissues other than the blood plasma 
has been measured by Talion et al. (1954), but there are no data showing 
the correlation of these values to the dietary amino acid intake. As 
already mentioned Eckel et al. (1958) showed the potassium level of the 
diet can greatly alter the values for the basic amino acids by their 
possible action as tissue cations. 
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INVESTIGATIONS 
General Experimental Procedures 
Records of experiments which comprise this dissertation are on file 
in the Animal Science Department of the Iowa Agricultural and Home 
Economics Experiment Station under the title of Swine Nutrition Experi­
ments 1127, 1132, 1146, 1155, 1160, 1173 and 6306. 
To a considerable extent the methods used in the experiments are 
identical. These common features will be described briefly to avoid 
unnecessary repetition in the discussion of each individual experiment. 
All animal s were obtained from the swine nutrition farm experimental 
herd and, for the most part, the animals were crossbred with Yorkshire, 
Landrace and Black Poland China breeds predominating. Within 24 hours 
after birth each pig was individually weighed and ear notched, eye teeth 
were clipped and 100 milligrams of iron as iron-dextran were injected 
intraperitoneally. The male pigs were castrated at about one week of age. 
All experimental pigs were weaned between 12 and 18 days of age. They were 
then group fed for a pre-experimental period of two to four days, during 
which time they learned to eat the highly palatable dry rations. In 
Experiments 1127, 1132 and 6306 the pigs were randomly allotted from litter 
mate outcome groups to blocks of individual feeding pens which had 
previously been randomly allotted to the experimental treatments. In 
Experiment 1160 two pigs per pen were similarly allotted while in Experi­
ments 1146, 1155 and 1173 there were four pigs per pen. 
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The buildings and pens were steam cleaned and then disinfected with 
Dowicide A* before initiation of each experiment. During the experiment 
the pens were cleaned daily and with few exceptions, only the personnel 
directly responsible for cleaning and conducting the experiment entered 
the building. Disinfectant pads were placed in front of the entrances. 
In all experiments the buildings were supplied with thermostatically 
controlled heat. The temperature was maintained at 80 degrees Fahrenheit 
for the first week, reduced 5 degrees per week to 70 degrees and held at 
this temperature for the duration of the experiment. 
Experiments 1127, 1132 and 6306 were conducted in Unit E which is 
equipped with germicidal lamps around the room, at the entrance and at 
the air inlet. The concrete floor under the pens was radiant heated by 
thermostatically controlled circulating water. The room temperature was 
controlled by forced air heating and air-conditioning system. The floor 
temperature was maintained at 85 degrees the first week and then dropped 
5 degrees per week to 70 degrees and maintained at this temperature for 
the duration of the experiment. The individual wire floor pens were 
furnished with self-feeders and continuous flow water fountains. 
Experiment 1160 was conducted in Unit D in pens with a capacity of 
two to four pigs per pen in a concrete block building. The pens were 
bedded with shavings and were cleaned daily. For the first two weeks 
they were provided with heat lamps and the building temperature was 
regulated to maintain a temperature between 70 and 80 degrees Fahrenheit. 
^Active ingredient sodium o-phenylphenate 4 HgO. 
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The pens were concrete floored with solid partitions between the pens, 
and the floor was sloped toward the front where a float type water 
fountain was located. A gutter outside the pens carried away any excess 
moisture. The building was cleaned with a high pressure water hose and 
disinfected before use. Self-feeders raised from the floor were provided 
for each pen. 
Experiment 1173 was conducted in Unit C, a building of the same 
characteristics as described for Unit D. Experiments 1146 and 1155 were 
conducted in Unit H, a well-ventilated pig nursery, with floor pens and 
thermostatically controlled temperature by circulating water under the 
concrete floor. The room temperature was controlled by forced air heating. 
The pigs were individually weighed at the time they were placed on the 
experiments and at weekly intervals thereafter. Feed consumption was also 
determined at weekly intervals. The data from each experiment were statisti­
cally analyzed by methods described by Snedecor (1956). In group feeding 
experiments when animals were removed the average gain of the remaining 
pigs in the pen was used as the gain observation. The feed required per 
pound of gain was adjusted for gain by the pig prior to removal, assuming 
equal efficiency for all pigs in the pen. 
Animals that died during the experiments or were removed from the 
experiments because of illness were taken to the Iowa State University 
veterinary diagnostic laboratory for necroscopy and bacteriological examina­
tion. In all experiments the pens were considered the experimental unit. 
Any reference to statistical significance pertains to the probability level 
of 5 per cent or less. 
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Analytical Methods 
All blood samples were drawn from the anterior vena cava into a 
syringe, the dead space of which contained a 10 per cent solution of 
lithium citrate. The samples were transferred to centrifuge tubes 
containing 0.1 ml. of the lithium chloride solution and were centrifuged 
immediately at 2500 rpm for 10 minutes and the plasma removed. 
A 10-ml. aliquot of the plasma was promptly deproteinized with a 
1 per cent solution of picric acid and the protein free plasma was, on 
the same day when possible, prepared for column chromatography as 
described by Stein and Moore (1954). When the prptein-free plasma 
could not be prepared on the same day, it was frozen and stored at -17 
degrees Centigrade in polyethylene tubes until processed. The muscle, 
liver and kidney samples of Experiment 1160 were homogenized in the 1 
per cent picric acid solution with a tissue grinder and thai treated like 
the plasma samples. The erythrocytes of Experiment 1173 were obtained 
by first lysing the cells with an equal volume of distilled water and 
these were then treated in the same way as the plasma samples. 
The protein-free tissue samples were concentrated down to 4 ml. under 
vacuum with a rotary evaporator. The solution was then made to 10 ml. 
with 0.02 N hydrochloric acid. 
The concentration of amino acids in the protein-free tissues was 
determined by ion exchange chromatography as described by Moore and Stein 
(1951a) and Moore et al. (1958). The resin used was supplied by California 
Corporation of Biochemical Research. It was a cation exchange resin by the 
trade name of Aminex-MS, Fraction C. 
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Two-milliliter effluent fractions were collected by means of an 
automatic fraction collector and analyzed photometrically by the method 
of Moore and Stein (1954). A column 22 cm. in length was set up to sepa­
rate the basic amino acids. The sodium citrate buffer was that described 
by Moore et al. (1958) as the 0.38 N buffer in sodium. The pH found 
suitable for the optimum separation of lysine and ornithine was 4.56 
and all samples were run at this pH. The column was kept at room 
temperature. The time involved for the separation of the basic amino 
acids was 10 hours, thus allowing two samples to be analyzed each day. 
Recovery from the column was found to vary from 92 to 105 per cent for 
all amino acids except arginine where the range was 85 to 95 per cent. 
With this column complete separation of histidine, camosine and anserine 
was found impossible, but phenylalanine and tyrosine could not be separated. 
The order of emergence of the amino acids was phenylalanine and tyrosine, 
ornithine, lysine, ammonia, histidine, camosine and anserinp and arginine. 
The total free alpha amino nitrogen was determined in the deprotein-
ized samples by the ninhydrin method of Moore and Stein (1954b). Dilutions 
of one in a hundred were found suitable. Values are expressed as 
absorb ancles. These could readily be calculated as molarity by making 
use of previous amino acid data obtained using these techniques. 
The plasma protein determinations were made using the standard micro 
Kjehldahl procedure (A.O.A.C. (1955)). 
The concentration of sodium and potassium in the tissue samples was 
determined by the method of Dubowski (1952) using a Beckman flame photo­
meter. For the potassium analysis standards slightly higher than in the 
37 
reference were employed in the calibration of the standard curve since 
some of the values reported in the literature for swine serum are 
considerably higher than those established on humans for which this 
method was originally proposed. The liver, muscle and kidney samples 
were dry ashed, but liquification with nitric acid may have been more 
suitable (Comar and Bronner (1962)). 
Experiment 1127 - Potassium supplementation of soybean meal protein 
diets I 
Objective This experiment was designed to determine what effect 
the supplementation of soybean meal protein diets with potassium at 
relatively high levels would have on the performance of baby pigs. The 
results of Hannan (1959) and Puchal (1962) indicated that better growth 
rates could be obtained with pigs by supplementing com and soybean meal 
rations with potassium. 
Experimental procedure Thirty-six crossbred pigs, averaging 11.1 
pounds body weight and 19.2 days of age were used in this experiment. All 
animals were randomly allotted to the six experimental rations with six 
replications of one pig per pen. The experiment was conducted in Unit E 
at the Swine Research Farm. 
The diets fed were basically com and soybean meal rations formulated 
to provide 16, 20 and 24 per cent protein in the ration. The exact composi­
tion of the diets is shown in Tables 3, 4 and 5. Table 6 shows the 
calculated analysis including the sodium, potassium and basic amino acid 
content. To make the six dietary treatments, each of the three above diets 
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Table 3. Experiments 1127 and 1132 - Composition of experimental diets 
Protein level 
Ingredient 16% 20% 24% 
Ground yellow corn 62.4 52.8 43.2 
Sucrose 10.0 10.0 10.0 
Stabilized lard 2.0 2.0 2.0 
Soybean meal (50% solv.) 20.7 30.4 40.1 
Vitamin-antibiotic premix 2.0 2.0 2.0 
Calcium carbonate 0.7 0.8 0.8 
Dicalcium phosphate 1.5 1.3 1.2 
Iodized salt 0.5 0.5 0.5 
Trace mineral premixa 0.2 0.2 0.2 
Total 100.0 100.0 100.0 
Composition given in Table 5. 
Table 4. Experiments 1127 and 1132 - Vitamin and antibiotic premix 
Vitamin Potency Amount added 
Vitamin A 
Vitamin D 
Riboflavin 
Pantothenic acid 
Niacin 
Vitamin 
Chlortetracycline 
20,000 I.U./lb. 
145,000 I.U./lb. 
4 g./lb. 
8 g./lb. 
18 g./lb. 
20 mg./lb. 
10.0 g./lb. 
2,000 I.U./lb. 
490 I.U./lb. 
5.2 mg./lb. 
10.4 mg./lb. 
23.4 mg./lb. 
10.0 mcg./lb. 
50.0 mg./lb. 
was supplemented either with 2 per cent potassium acetate or without 
this addition. This was the level fed by Hannan (1959) when maximum 
response was obtained. 
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Blood samples were collected at the end of the 14- and 28-day feeding 
periods, without previous fasting of the animals. The plasma of each pig 
was analyzed for its protein and sodium content. Due to some hemolysis of 
the blood the potassium content could not be determined. All plasma 
samples from pigs fed the same rations were pooled to obtain the amino 
acid and alpha amino nitrogen content. 
Table 5. Composition of trace mineral premix (35-C-41) 
Parts per million 
Per cent in premix contributed to 
ration by 
Ingredient Compound Element 0.2% 
Manganese sulfate (25.4% Mi) 22.50 5.68 113.60 
Ferrous sulfate (20% Fe) 35.00 7.00 140.00 
Copper sulfate (25% Cu) 1.89 0.48 9.50 
Cobalt sulfate (33% Co) 0.50 0.17 3.30 
Zinc sulfate (36% Zn) 22.50 8.10 162.00 
Potassium sulfate 1.67 0.75 15.00 
Calcium carbonate (39% Ca) 13.89 5.28 
Venetian red 1.00 
Paraffin oil 1.05 
Total 100.00 
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Table 6. Experiments 1127 and 1132 - Calculated analysis of experimental 
diets 
Ingredient Diet 
Protein % 16.0 20.0 24.0 
Fat % 4.4 4.0 3.8 
Fiber % 2.1 2.3 2.7 
Calcium % 0.72 0.72 0.71 
Phosphorus % 0.55 0.55 0.56 
Vitamin A I.U./lb. 3140.0 3030.0 2900.0 
Vitamin 0^ I.U./lb. 490.0 490.0 490.0 
Riboflavin mg./lb. 5.8 5.8 5.9 
Pantothenic acid mg./lb. 13.2 13.5 13.8 
Niacin mg./lb. 31.4 31.4 31.6 
Choline mg./lb. 399.0 506.0 610.0 
Vitamin mcg./lb. 10.0 10.0 10.0 
Potassium % 0.58 0.72 0.98 
Sodium % 0.21 0.22 0.22 
Lysine % 0.75 0.99 1.24 
Phenylalanine and 
tyrosine % 1.37 1.71 2.22 
Histidine % 0.37 0.45 0.54 
Methionine % 0.23 0.27 0.31 
Arginine % 0.93 1.20 1.52 
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Results and discussion Soybean meal was chosen for these trials 
as it is the most common protein source for swine feeding and therefore 
of greatest interest. Protein levels of 20 per cent, which is the baby 
pig requirement, were used in the rations of Puchal (1962) and Hannan 
(1959) to obtain their response to potassium, However, the potassium 
response work with children has shown that maximum benefit is obtained 
with low protein rations as the potassium and the amino acids may have 
a sparing effect on each other (Gershoff et al. (1959), both acting as 
intracellular cations (Eckel et al. (1958a)). Barness et al. (1961) 
showed that wheat protein, a protein source of low biological value, 
was improved by potassium supplementation. The protein level was also 
increased to more than that required by the pig to determine if the 
potassium requirement is increased at higher dietary protein levels as 
suggested by Leach et al. (1959). 
The calculated analysis of the rations, Table 6, shows that reducing 
the protein content of the diet by replacing soybean meal with com 
reduces some amino acids to a greater extent than others due to differences 
in the composition of the protein fractions of com and soybean meal. In 
addition, decreasing the protein level from 24 to 16 per cent reduces the 
potassium content of the ration from 0.98 per cent to 0.58 per cent. The 
same amount of potassium acetate was added to all rations (2 per cent) and 
this was équivalait to 0.8 per cent potassium in the ration. All rations 
contained more than the N.R.C. (1959) requirement for potassium. If the 
amino acid requirement is assumed to be directly proportional to the protein 
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level of the diet it will be observed that the 24 per cent protein ration 
is low in its methionine content while the other rations are adequate in 
all amino acids, if about one-half of the methionine can be provided as 
cysteine. A summary of the amino acid requirement at various protein 
levels is presented by Hays (1961) and was used in this comparison. 
Table 7 summarizes the weight gains of the pigs after two and four 
weeks of feeding the experimental rations. After two weeks the addition 
of potassium was found to improve growth in the pigs fed the 16 per cent 
protein rations, but this response was not seen in the 20 per cent protein 
rations fed pigs. The growth of the pigs fed the rations containing 24 
per cent protein was reduced by the addition of potassium to the rations, 
although as shown in Table 9, none of these effects were statistically 
significant. However, by increasing the level of protein the growth rate 
was significantly improved. This is a linear effect which means that 
better growth is obtained in pigs fed 24 per cent protein rations than the 
required 20 per cent protein. 
The efficiency of feed conversion behaves similarly to the growth data. 
Again the potassium additions improved the efficiency of feed conversion in 
pigs fed 16 per cent protein rations but had no marked effect on the pigs fed 
the 20 and 24 per cent protein rations. The efficiency of feed conversion 
was improved slightly by increasing the protein content of the ration, but 
this was not significant. 
The level of protein in the plasma was not altered by the protein or 
potassium content of the ration after two weeks. This result is not in 
agreement with those of Senecal et al. (1958) and others who have shown 
V 
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Table 7. Experiment 1127 - Summary of two-week gains, feed required per 
pound of gain, plasma protein level and alpha amino nitrogen 
of plasma 
Protein level 161 16% 20% 20% 24% 24% 
Potassium acetate added 0 2% 0 2% 0 2% 
Replication 
Total gain (pounds) 
1 4.1 5.4 5.3 4.7 6.2 6.0 
2 4.4 6.2 7.4 7.2 9.3 9.8 
3 3.5 5.9 6.7 4.2 5.2 6.0 
4 4.4 4.6 5.9 6.0 9.9 6.0 
5 5.1 5.6 7.0 5.5 7.0 4.5 
6 0.2 2.0 1.7 2.6 2.8 3.4 
Ave. (3.6) (5.0) (5.7) (5.0) (8.1) (6.0) 
Feed/gain (pounds) 
1 3.20 2.52 2.60 2.21 1.55 2.13 
2 2.18 2.44 1.80 2.04 1.91 1.70 
3 4.49 2.61 2.34 2.57 2.44 2.32 
4 3.25 2.15 2.00 2.12 1.41 2.13 
5 3.39 4.21 1.94 2.64 1.53 3.27 
6 34.00 4.25 3.12 3.96 4.11 4.82 
Ave. (8.42) (3.03) (2.30) (2.59) (2.16) (2.73) 
Plasma protein (gm./100 ml.) 
1 8.07 4.72 5.41 4.74 4.60 3.74 
2 4.50 5.03 4.83 4.92 8.76 4.27 
3 4.53 7.00 4.02 4.33 5.00 5.06 
4 3.29 4.65 4.19 4.57 4.83 4.75 
5 4.80 5.08 4.60 5.57 4.00 4.39 
6 5.80 4.47 4.70 7.80 5.37 7.71 
Ave. (5.17) (5.16) (4.63) (5.31) (5.43) (4.32) 
Alpha amino nitrogen (absorbance) 
Ave. (0.34) (0.11) (0.15) (0.10) (0.38) (0.14) 
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marked reduction, in plasma proteins in kwashiorkor cases — this means 
cases maintained on low protein diets. The proteins themselves may 
act as cations or anions by way of their charged groups but are usually 
anionic. Because of their large molecular weight their contribution to 
the total ion balance is not large. 
The levels of alpha amino nitrogen in the plasma were reduced by the 
potassium additions. This may be a reflection of the reduction of cations 
of the amino acid type which is associated with the increase in potassium 
content of the plasma by potassium supplementation. Similar observations 
were made by Eckel et al. (1958a), but could not be confirmed by Brandt 
et al. (1960). Hie alpha amino nitrogen values are expressed here as 
absorbance values which are suitable for direct comparison. A better 
measurement would perhaps be achieved if the molecular weights for the 
alpha amino groups in the plasma of the pig were established from previous 
data. This, used together with an average color yield, would result in a 
more meaningful value, molarity. 
After feeding the experimental rations for four weeks the resulting 
weight gains and efficiency of feed conversion are given in Table 8. The 
potassium supplementation improved the growth of the pigs fed both the 16 
and 20 per cent protein diets, but the significance of these results could 
not be shown. This is rather different from the positive response obtained 
by Hannan (1959) from feeding this level of potassium. The difference may, 
in part, be explained by the protein sources employed, which was casein in 
Hannan's work and soybean meal in the experiment reported here. 
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Table 8. Experiment 1127 - Summary of total gain, feed required per 
pound of gain, plasma protein, plasma alpha amino nitrogen 
and sodium content 
Protein level 161 16% 20% 20% 24% 24% 
Potassium acetate added 0 2% 0 2% 0 2% 
Replication 
Total gain (pounds) 
1 18.3 19.7 16.2 19.9 20.8 23.4 
2 17.4 22.0 26.2 24.9 27.6 25.9 
3 13.1 18.4 19.7 17.6 19.2 19.8 
4 17.9 19.6 21.9 22.9 24.7 18.6 
5 19.9 13.7 22.9 20.9 23.4 14.3 
6 9.6 8.7 11.5 15.7 17.4 17.4 
Ave. (16.0) (17.0) (19.7) (20.3) (22.2) (19.9) 
Feed/gain (pounds) 
1 2.34 2.24 2.19 1.88 1.49 1.76 
2 2.06 2.05 1.61 1.73 2.10 1.71 
3 3.05 2.59 2.09 1.97 1.90 1.88 
4 2.21 1.91 1.72 1.76 1.77 1.83 
5 2.51 2.39 2.04 1.97 1.63 2.38 
6 2.53 2.61 1.79 1.99 2.15 2.30 
Ave. (2.45) (2.30) (1.91) (1.88) (1.84) (1.98) 
Alpha amino nitrogen (absorbance) 
Ave. (0.43) (0.27) (0.34) (0.27) (0.27) (0.30) 
Plasma protein (gm./lOO ml.) 
1 5.85 5.55 6.47 6.10 7.00 6.30 
2 3.38 6.17 4.37 4.25 5.45 6.12 
3 4.41 5.35 5.00 4.90 5.57 5.20 
4 6.65 5.80 7.42 3.42 6.97 6.88 
5 7.77 5.90 8.25 8.22 6.27 5.60 
6 6.11 5.02 6.80 5.90 5.55 4.20 
Ave. (5.69) (5.63) (6.39) (5.38) (6.14) (5.72) 
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Table 8. (Continued) 
Protein level 16% 16% 20% 20% 24% 24% 
Potassium acetate added 0 2% 0 2% 0 2% 
Replication 
Plasma sodium (meq/1.) 
1 107 157 157 105 147 147 
2 154 200 157 160 200 167 
3 200 136 150 200 143 140 
4 100 190 147 154 192 200 
5 147 200 164 164 200 143 
6 156 197 200 128 120 192 
Ave. (143) (180) (163) (152) (167) (165) 
Increasing the protein level from 16 to 24 per cent still resulted 
in improved growth after four weeks. This was a significant linear effect 
and the analysis is found in Table 10. The efficiency of feed conversion 
also improves with increasing protein levels. The supplementation with 
potassium improved these values at the 16 and 20 per cent protein levels, 
but the main effect was still the improvement obtained by increasing the 
protein level from 16 to 20 per cent and the smaller increase by further 
increasing the protein to 24 per cent. The significance of these results 
is shown in Table 10 to be both linear and quadratic. This is in agreement 
with the data showing that the optimum growth of the baby pig may be achieved 
with rations containing about 20 per cent protein. 
The plasma protein levels were found to be higher at six weeks of age 
than at four weeks of age as can be seen in Table 8. The result of 
increasing the dietary protein level seemed to be an increase in the plasma 
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Table 9. Experiment 1127 - Analysis of variance plan and observed mean 
squares for two-week gains and feed required per pound of gain 
Mean squares 
Source of variation d. f. Gain F/G 
Replication 5 18.48* 44.295 
Treatment 5 6.76* 34.879 
Levels of protein 2 12.72* 43.034 
Linear 1 25.42* 64.583 
Quadratic 1 0.01 21.484 
K versus no K 1 0.01 20.506 
K-protein interaction 2 4.18 33.912 
Error 25 1.10 23.465 
Total 35 4.39 28.071 
^Statistical significance at P = 0.01 or less. 
Table 10. Experiment 1127 - Analysis of variance plan and observed mean 
squares for total gain, feed required per pound of gain and 
plasma protein 
Mean squares 
Source of variation d. f. Gain F/G Protein 
Replication 5 74.00, 0.1785* 3.955 
Treatment 5 30.86* 0.3828? 0.807 
Protein levels 2 67.37» 0.8936? 0.238 
Linear 1 122.40° 1.3020° 0.413 
Quadratic 1 12.33 0.4851° 0.063 
K versus no K 1 0.51 0.0015 2.205 
K x protein 2 9.52 0.0626 0.676 
Error 25 7.13 0.0497 1.007 
Total 35 20.08 0.1143 1.399 
^Statistical significance at P = 0.05 or less, 
b 
Statistical significance at P = 0.01 or less. 
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protein content which is to be expected from the results of the 
kwashiorkor work (Baptist et al. (1959)). This difference was not 
seen at two weeks, thus one assumption which can be made is that such 
differences do take time to develop, and in kwashiorkor studies the 
patients were exposed to extremely low protein intakes. The potassium 
supplementation of the rations caused a reduction of the plasma protein 
levels but it is doubtful that this is a cat ionic effect. As the reduc­
tion was small it may be an artifact. 
The alpha amino nitrogen content of the plasma is much higher after 
four weeks of feeding the experimental rations than after two weeks. 
These results are in agreement with the work of Puchal (1962) who reported 
that the free plasma amino acids increased with increasing age. The 
supplementation with potassium was again found to decrease the alpha amino 
nitrogen levels after two weeks of feeding the experimental rations. 
The sodium content of the plasma was quite variable and generally 
rather higher than the values previously reported for the baby pig (Hannan 
(1959)). In this work the sodium values did not appear to be altered by 
the protein content of the ration or the amino acid supplementation. 
The free plasma basic amino acids are summarized in Table 11. The 
values quoted for total basic amino acids is the sum of the arginine, 
histidine, lysine and ornithine, all of which can act as cations at 
physiological pH values. In general it will be noticed that increasing 
the level of protein in the ration increased the amino acid values. This 
effect was more pronounced after two weeks of the experiment than after four 
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Table 11. Experiment 1127 - Summary of blood plasma free amino acids 
in yMoles per 100 ml. 
Protein level 16% 16% 20% 20% 24% 24% 
Potassium acetate 
• 
2% 2% • • • 2% 
Two-week data 
Lysine 6 .8 9.7 23.8 21.7 15.2 31.5 
Histidine 6 .9 6.1 17.6 12.5 4.9 21.7 
Arginine 6 .4 6.2 18.6 12.4 6.0 27.8 
Ornithine 11 .3 6.3 24.8 18.1 14.3 28.6 
Total B.A.A. 31 .4 28.3 84.8 64.8 40.4 109.6 
Four-week data 
Lysine 13 .6 10.1 21.5 14.9 22.0 18.0 
Histidine 11 .2 9.1 17.3 12.7 11.8 13.7 
Arginine 16, .2 20.2 21.0 11.1 17.5 12.3 
Ornithine 19 .2 13.9 26.1 18.1 15.4 21.0 
Total B.A.A. 60, .2 53.3 85.9 56.8 66.7 65.0 
weeks. The values for free basic amino acids in the plasma during the 
second week were very low for the pigs fed the 16 per cent protein rations. 
These results are différait from those observed by Ritchey and Richardson 
(1959) where increasing the protein from 0 to 15 per cent of the diet for 
the growing pig only slightly increased the free amino acids, while changing 
the protein level from 15 to 30 per cent of the ration caused a large 
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increase in the free amino acids. In this study with baby pigs the 
change from 16 to 20 per cent protein was greater than that in changing 
from 20 to 24 per cent protein. This applies to all amino acids measured 
including lysine which was not found altered by Ritchey and Richardson 
(1959). These results are also different from those of Olsen et al. 
(1959) who found increasing protein levels increased the free lysine in 
chick blood but not the arginine or histidine. An increase in free amino 
acids with increasing age was also found by Puchal (1962). This difference 
was much greater in these experiments at the lower protein levels. 
After four weeks of feeding the experimental diets, the tendency for 
the potassium supplementation was still to reduce the basic amino acids 
but the very high values obtained with the 24 per cent protein potassium 
supplemented ration cannot readily be explained. 
Some of the results obtained by Eckel et al. (1958a) suggested that 
early in potassium deficiency there were greatly increased levels of free 
lysine in the muscle. However, after four weeks of feeding rats potassium 
deficient rations the lysine content of the muscle was decreased without 
change in its potassium content. No reasonable explanation of the results 
is supplied in this study. 
Experiment 1132 - Potassium supplementation of soybean meal protein 
rations II 
Objective After the results of potassium supplementation of soybean 
meal protein rations shown in Experiment 1127 it was decided to repeat the 
study to obtain more data for statistical analysis of both the growth 
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and the chemical data. More emphasis was placed on the low protein 
rations. 
Experimental procedures Thirty crossbred pigs averaging 13.8 
pounds in weight and 20.6 days of age were used in this experiment. 
The animals were randomly allotted to the six experimental rations with 
five replications of one pig per pen. The experiment was conducted in 
Unit E at the Swine Research Farm. 
The rations fed were the same as those of Experiment 1127. They were 
basically corn and soybean meal rations formulated to supply 16, 20 or 24 
per cent protein in the complete ration. The composition is shown in 
Tables 3, 4 and 5, and the calculated analysis in Table 6. Each ration 
was also supplemented with 2 per cent potassium acetate. 
Blood samples were again collected after 14 and 28 days of feeding the 
experimental rations. Plasma free amino acids, protein, sodium and potassium 
content were measured in these samples. 
Results and discussion In contrast to the results of Experiment 
1127, it was found in this experiment that the growth ratw was increased by 
the addition of potassium at all protein levels. These results are shown 
in Table 12. The response was of about the same magnitude at all protein 
levels and also it was observed after both two and four weeks of feeding 
the experimental rations. The increased level of dietary protein did cause 
improved growth but this effect is not significant as can be seen in the 
analysis shown in Table 14. This table also shows that the addition of 
potassium significantly improved growth at the 1 per cent level after four 
weeks, but at two weeks no significance could be shown. 
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Table 12. Experiment 1132 - Summary of gain and feed required per pound 
of gain after two and four weeks of feeding the experimental 
rations 
Protein level 16% 16% 20% 20% 24% 24% 
Potassium acetate added 0 2% 0 2% 0 2% 
Replication 
Two-week gain (pounds) 
1 7.1 3.6 2.5 5.8 5.5 6.6 
2 6.0 4.5 6.8 7.8 6.3 8.4 
3 5.4 6.5 2.8 5.4 4.0 5.5 
4 6.1 6.6 6.0 6.6 7.3 4.2 
5 4.2 7.9 7.1 9.0 5.2 8.5 
Ave. (5.76) (5.82) (4.64) (6.92) (5.66) (6.64) 
Two-week feed/gain (pounds) 
1 2.17 3.11 3.80 2.79 1.98 1.83 
2 2.05 2.20 2.06 1.99 1.89 1.10 
3 2.46 2.46 4.96 2.78 4.82 3.13 
4 2.97 2.32 3.23 1.91 2.03 4.24 
5 3.76 2.27 2.63 1.97 2.96 2.02 
Ave. (2.68) (2.48) (3.34) (2.29) (2.74) (2.46) 
Four-week gain (pounds) 
1 20.5 19.1 18.2 22.7 19.5 23.0 
2 19.6 19.9 22.8 22.2 22.0 22.8 
3 19.9 18.7 13.3 21.9 18.2 21.3 
4 18.7 24.2 22.3 24.4 23.7 23.4 
5 21.3 25.2 21.5 26.2 19.4 22.7 
Ave. (20.00) (21.42) (19.62) (23.48) (20.56) (22.64) 
Four-week feed/gain (pounds) 
1 2.26 2.08 1.94 2.11 1.90 1.78 
2 1.94 1.86 1.96 1.96 1.75 1.93 
3 2.23 2.34 3.04 2.00 2.53 2.13 
4 2.49 2.05 2.38 1.75 1.81 2.09 
5 2.31 2.10 2.11 1.87 2.06 2.07 
Ave. (2.25) (2.09) (2.29) (1.94) (2.01) (2.00) 
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Table 13. Experiments 1132 and 1127 - Pooled summary of gain and 
feed required per pound of gain 
Protein level 16% 16% 20% 20% 24% 24% 
Potassium acetate added 0 2% 0 2% 0 2% 
Replication 
Gain (pounds) 
Ave. 17.8 19.0 19.7 21.8 21.4 
Feed/gain (pounds) 
Ave. 2.36 2.20 2.08 1.91 1.92 
Table 14. Experiment 1132 - Analysis of variance plan and observed mean 
squares for two- and four-week gain and feed required per 
pound of gain 
Mean squares 
Two-week Four-week 
Source of variation d. , f. Gain F/G Gain F/G 
Replication 4 3.90 1.8356 16.12* 0.1880* 
Treatment 5 3.26 0.6825 11.63* 0.1003 
Levels of protein 2 0.45 0.3517 2.50 0.0671 
Linear 1 0.65 0.0051 3.96 0.1296 
Quadratic 1 0.24 0.3460 1.04, 0.0047 
K versus no K 1 9.19 1.9969 45.14° 0.2236* 
K x protein 2 3.22 0.8323 3.98 0.0718 
Error 20 2.22 0.6623 3.74 0.0453 
Total 29 2.63 0.8276 6.80 0.0745 
21.1 
1.99 
a 
Statistical significance at P = 0.05 or less. 
b 
Statistical significance at P = 0.01 or less. 
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Table 15. Experiments 1132 and 1127 - Analysis of variance plan and 
observed mean squares for pooled gain and feed required per 
pound of gain 
Mean squares 
Source of variation d. f. Gain F/G 
Replication 10 50. ,79* 0.1665*) 
Trials 1 71. ,44* 0.0205 
Rep. x trials 9 48. ,28 0.1827* 
Treatment 5 26. 61* 0.3436* 
Protein level 2 50. 62* 0.6987* 
Linear 1 90. 49* 1.1782* 
Quadratic 1 10. 77 0.2193 
K versus no K 1 16. 00 0.1205 
K x protein 2 7. ,90 0.1000 
Error 50 6. 62 0.0571 
Treat./trial 5 15. 81 0.1394 
Rep. /treat. /trial 45 5. 63 0.0467 
Total 65 14. 94 0.0966 
^Statistical significance at P = 0.01 or less. 
b 
Statistical significance at P = 0.05 or less. 
Increasing the protein content of the diet increased the efficiency 
of feed conversion but this effect was not significant. The addition of 
potassium to the rations caused a significant improvement after four weeks, 
but this effect was not significant at two weeks of feeding the experimental 
rations. The data show the response to be greater in pigs fed 16 and 20 
per cent protein rations than in pigs fed 24 per cent protein rations which 
is much more noticeable in the four-week data than in the two-week data. 
Table 13 and Figure 1 summarize the grcwth data of both Experiment 1127 
and 1132. The statistical analysis is found in Table 15. An improvement of 
Figure 1. Experiments 1127 and 1132 - The effects of potassium 
supplementation and protein levels in the ration on 
weight gain and feed conversion 
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growth by potassium addition was found at the 16 and 20 per cent dietary 
levels, but the overall effect on the pigs fed the 24 per cent protein 
rations was still a retardation of the growth by the supplemental 
potassium. The efficiency of feed conversion also improved with increased 
protein intake. These effects were not significant using the type of 
analysis of Table 14. It is thus doubtful if the supplementation of 
baby pig rations with potassium is advantageous to the growth. The 
benefits are probably slight in normal adequate protein rations, but a 
response may be obtained if the protein level is suboptimal. 
The collected data show that increasing the protein content of the 
ration from 16 to 24 per cent significantly improved growth and the 
efficiency of feed conversion. The effect is linear and suggests the 
advantage of feeding more than the required 20 per cent protein to baby 
pigs. 
Table 16 and Figure 2 summarize the plasma potassium values. There 
is a large increase in the plasma potassium content by increasing the age 
of the animal fran two to four weeks and the smaller increase as the age 
is further raised to six weeks. All these values were higher than those 
reported by Hannan (1959) and also it should be noted that Hannan found 
no change in plasma potassium values with increasing age of the baby pig. 
Gardiner et al. (1953) did find small increases in the plasma potassium 
content with increasing age of the pig. 
This table also shows that the potassium level of the plasma increased 
as the dietary potassium content was increased; the statistical significance 
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Table 16. Experiment 1132 - Summary of plasma potassium levels (meq/1.) 
Protein level 16% 16% 20% 20% 24% 24% 
Potassium acetate added 0 2% 0 2% 0 2% 
Replications 
Initial 
1 4.7 4.2 4.7 5.3 5.2 5.2 
2 5.1 5.6 5.3 6.2 5.0 5.2 
3 5.1 6.2 6.5 4.9 5.2 5.9 
4 5.3 5.5 5.6 5.2 5.9 6.5 
5 6.0 6.0 5.9 6.6 6.2 5.3 
Ave. (5.3) (5.5) (5.6) (5.6) (5.5) (5.6) 
Two-week data 
1 7.4 6.2 6.2 9.4 7.5 6.8 
2 6.6 7.5 6.2 8.0 5.6 7.8 
3 6.2 6.8 6.4 6.8 6.4 6.8 
4 8.0 9.0 6.4 7.8 7.7 7.0 
5 8.6 7.3 5.9 8.1 7.5 8.1 
Ave. (7.4) (7.3) (6.2) (8.0) (7.0) (7.3) 
Four-week data 
1 6.4 8.0 6.2 7.5 6.4 6.4 
2 7.5 8.1 6.5 7.5 6.2 7.3 
3 7.3 7.3 6.9 7.5 7.5 7.7 
4 8.3 9.7 7.3 8.2 7.8 8.8 
5 7.8 8.3 7.3 7.5 7.6 7.7 
Ave. (7.4) (8.3) (6.9) (7.6) (7.2) (7.7) 
of these data are shown in Table 18. The increase of potassium with 
potassium additions was of a similar magnitude with all protein levels fed, 
but the difference was greater after four weeks of feeding the experimental 
rations than after two weeks. Both Joiee (1961) and Hannan (1959) could 
not alter the potassium content of the plasma by changing the dietary lysine 
and potassium levels. On the other hand, Meyer et al. (1950c) found that 
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feeding high levels of dietary potassium increased the potassium content 
of most tissues including the plasma. The differences are greater after 
four weeks as time was apparently necessary for this development. This 
may be interpreted like the time required to achieve potassium deficiency 
states and to reduce the plasma potassium levels as shown by Brandt (1960) 
and others. 
Another observation to be made from the analysis in Table 18 is that 
increasing the protein levels of the rations significantly decreased the 
plasma potassium values. The study of kwashiorkor (Senecal (1958) and 
other low protein studies showed that the level of potassium in the plasma 
is reduced which is the opposite of the observation in this case. An 
explanation of the results would be the presence of increased free basic 
amino acids which may have acted as tissue cations and hence replaced some 
of the potassium cations by competing for anion binding sites. 
The sodium content of the plasma is summarized in Table 17. It will 
be noticed that, unlike the potassium content, the sodium values did not 
increase or decrease with age as was already observed in the work of Hannan 
(1959) although the values reported here are somewhat higher than those 
previously reported for the pig by Hannan (1959). The additions of potassium 
to the rations decreased the level of plasma sodium at all protein levels 
indicating a relationship which may be cationic. This observation was not 
found to be statistically significant. The level of protein in the ration 
appeared to be without effect on the plasma sodium content. 
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Table 17. Experiment 1132 - Summary of plasma sodium levels (meq/1.) 
Protein level 16% 16% 20% 20% 24% 24% 
Potassium acetate added 0 2% 0 2% 0 2% 
Replication 
Initial 
1 154 142 152 183 166 144 
2 169 169 150 136 152 174 
3 169 150 173 150 144 183 
4 142 150 136 150 183 183 
5 182 144 166 158 166 162 
Ave. (163) (153) (157) (155) (162) (169) 
Two-week data 
1 174 214 188 228 196 152 
2 136 144 126 126 166 120 
3 144 160 174 144 144 183 
4 230 230 230 196 160 152 
5 188 126 183 196 183 136 
Ave. (174) (175) (180) (178) (170) (140) 
Four-week data 
1 152 120 120 144 160 126 
2 174 126 160 166 144 139 
3 166 190 166 190 216 183 
4 144 150 150 150 150 150 
5 150 155 155 150 150 150 
Ave. (157) (148) (150) (160) (164) (148) 
Increasing the dietary protein levels also increased the level of 
plasma proteins (Table 19) as has already been noted by other workers, 
Baptist et al. (1959). In contrast to the small change found in Experi 
ment 1127 here the supplementation of the diets with potassium was not 
found to affect the protein content of the plasma, after two or four 
weeks of feeding the experimental rations. 
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Table 18. Experiment 1132 - Analysis of variance plan and observed mean 
squares for the sodium and potassium content of the plasma 
Mean squares 
Source of variation d. f. Potassium Sodium 
Replication 4 2.02* 1961* 
Treatment 5 1.23* 236 
Protein level 2 1.01° 32 
Linear 1 1.06? 58 
Quadratic 1 0.96" 6 
K versus no K 1 4.03* 104 
K x protein 2 0.09 909 
Error 20 0.18 203 
Total 29 0.62 451 
Statistical significance at P = 0.05 or less. 
^Statistical significance at P = 0.01 or less. 
The alpha amino nitrogen content of the plasma again showed a marked 
increase with increasing age of the pig. This in in agreement with the 
work of Puchal (1962) and others. The presence of potassium added to the 
experimental rations resulted in reduced values for the alpha amino nitrogen 
content of the plasma which may be expected from the results of potassium 
deficiency studies by Eckel et al. (1958a). 
The summary of the free plasma amino acids can be found in Table 20. 
In general the free amino acids were increased with increasing age from four 
to six weeks. Potassium tended to reduce the basic amino acids, but in this 
case the results were quite variable and not in good agreement with those 
of Experiment 1127 or of later experiments where these effects will be 
further discussed. 
Figure 2. Experiment 1132 - Effect of potassium supplementation and 
protein levels on the content of potassium and sodium in 
the plasma of the baby pig 
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Table 19. Experiment 1132 - Summary of plasma protein and alpha amino 
nitrogen levels at two and four weeks 
Protein level 16% 16% 20% 20% 24% 24% 
Potassium acetate added 0 2% 0 2% 0 2% 
Replication 
Two-week plasma protein (%) 
1 4.33 4.66 4.78 5.67 6.22 6.12 
2 5.66 5.46 6.00 6.22 4.46 6.12 
3 5.45 6.22 7.48 6.12 5.33 6.27 
4 4.93 5.38 5.68 6.05 5.85 6.12 
5 5.64 6.00 5.98 6.25 6.12 6.00 
Ave. (5.20) (5.52) (5.98) (6.06) (5.59) (6.13) 
Four-week plasma protein (%) 
1 5.25 5.03 5.70 5.60 5.42 5.43 
2 5.66 5.35 5.98 5.68 5.42 6.47 
3 5.60 5.86 4.99 5.42 5.40 5.25 
4 5.98 5.93 6.38 6.50 5.88 6.12 
5 5.88 6.37 6.37 5.62 6.00 6.50 
Ave. (5.65) (5.71) (5.89) (5.76) (5.62) (5.95) 
Two-week alpha amino nitrogen (absorbance) 
Ave. 0.18 0.16 0.21 0.30 0.29 0.24 
Four-week alpha amino nitrogen (absorbance) 
Ave. 0.42 0.31 0.48 0.23 0.20 0.30 
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Table 20. Experiment 1132 - Summary of plasma free amino acids 
Protein level 16% 16% 20% 20% 24% 24% 
K acetate added 0 2% 0 2% 0 2% 
Two-week data 
Ornithine 15.4 13.7 18.6 22.5 21.5 33.1 
Lysine 10.0 10.0 21.2 23.4 24.9 39.2 
Histidine 10.5 9.6 13.2 9.6 11.4 20.5 
Arginine 13.3 14.1 16.8 13.3 13.2 30.5 
Total B.A.A. 49.4 47.4 69.8 68.7 81.0 123.3 
Four-week data 
Ornithine 15.7 20.5 18.6 12.2 14.6 16.3 
Lysine 10.3 19.9 20.0 11.0 15.6 26.0 
Histidine 13.6 20.4 14.2 9.6 10.8 12.3 
Arginine 16.8 24.8 21.0 16.6 14.5 21.0 
Total B.A.A. 56.4 85.6 73.8 49.4 55.5 75.6 
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Experiment 1146 - Potassium and lysine supplementation of baby pig diets 
Objective The purpose of this experiment was to study the 
response of lysine supplementation to low protein corn and soybean meal 
rations for pigs and to determine if the results of lysine supplementation 
could be affected by the addition of potassium to the diet. Similar work 
in the study of kwashiorkor cases has shown the need for potassium in 
protein formation (Cannon (1955) ). The higher level of protein was 
included for a control diet and to further study the effects of lysine 
and potassium supplementation of high protein rations. The amino acid, 
sodium and potassium data were of interest in addition to the growth values. 
Experimental procedure Eighty crossbred pigs averaging 11.8 pounds 
body weight and 17.8 days of age were used in this experiment. All animals 
were randomly allotted within littermates to the eight experimental rations 
with four pigs per pen. The experiment was of a split plot design with two 
levels of protein as the main plot and lysine and potassium supplementation 
as the subplots. The two levels of protein fed were 14 and 24 per cent in a 
basic com and soybean protein ration. There were three replications of the 
low protein rations and two replications of all high protein rations. Table 
21 shows the composition of the rations and the calculated analysis is 
presented in Table 22. In addition to the protein treatments each basal 
diet was also supplemented with either 0.2 per cent lysine or 2 per cent 
potassium acetate or both of these compounds. 
The experiment was conducted in Unit H at the Swine Research Farm. 
Blood samples were collected at the completion of the trial after 35 days 
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Table 21. Experiment 1146 - Composition of basal ration 
Protein level 
68.3 44.4 
15.9 40.1 
10.0 10.0 
2.0 2.0 
1.7 1.2 
0.6 0.8 
0.5 0.5 
0.2 0.2 
0.8 0.8 
Ingredient 14% 24% 
Ground yellow corn 
Soybean meal (solv. 50%) 
Sucrose 
Stabilized lard 
Dicalcium phosphate 
Calcium carbonate 
Iodized salt 
Trace mineral premixa 
Vitamin-antibiotic premix" 
a 
For composition see Table 5. 
kpor composition see Table 4. 
Table 22. Experiment 1146 - Calculated analysis of experimental diets 
Ingredient Diet 
Protein % 14.0 24.0 
Fat % 4.7 3.9 
Fiber % 2.2 2.3 
Calcium % 0.71 0.71 
Phosphorus % 0.57 0.57 
Vitamin A I.U./lb. 3100 3050 
Vitamin D I.U./lb. 497 497 
Riboflavin mg./lb. 5.7 5.9 
Pantothenic acid mg./lb. 13.0 13.9 
Niacin mg./lb. 31.6 31.6 
Choline mg./lb. 342 610 
Vitamin B17 mcg./lb. 10 10 
Potassium % 0.50 0.98 
Sodium % 0.21 0.22 
Lysine % 0.60 1.24 
Phenylalanine + tyrosine % 1.29 2.22 
Histidine % 0.32 0.54 
Methionine % 0.21 0.31 
Arginine % 0.79 1.52 
67 
when the average weight of the pigs was 33.2 pounds. The blood samples 
from pigs in the same pen were pooled for amino acid analysis but sodium 
and potassium values were determined for each individual pig. 
Results and discussion There is a wide variation in the concentra­
tion of protein used in the diets of this experiment, with only 14 per cent 
in the low protein rations, compared to a 20 per cent requirement for 
optimum baby pig growth. The calculated analysis shows the lysine content 
to be 0.60 per cent of the ration while Hays (1961) reported that the 
minimum requirement of the pig fed a 14 per cent protein ration is 0.70 
per cent of the diet. This value was obtained with older animals and it 
is possible that the requirement is even in excess of this value. 
After two weeks of feeding the experimental rations the addition of 
0.2 per cent lysine improved weight gains of the pigs fed the 14 per cent 
protein rations, but this effect was not seen in the pigs fed 24 per cent 
protein rations supplemented with lysine. A corn and soybean meal ration 
containing 24 per cent protein would have adequate lysine content for the 
pig so it may be expected that there would be no effect of adding lysine 
to the 24 per cent protein diet but an increase in gain might be expected 
from the addition of lysine to a 14 per cent protein ration. The data are 
summarized in Figure 3 and Table 23. The statistical analysis of the 
results shows no significance in Table 26. The supplementation of the 
ration with potassium improved the growth rate in the presence of lysine 
in the 14 per cent protein rations. Increasing the protein content of the 
diets improved the growth rates after two and five weeks of feeding the 
Table 23. Experiment 1146 - Summary of total gain and feed required per pound of gain 
Protein level 14% 14% 14% 14% 24% 24% 24% 24% 
K acetate added 0 0 2% 2% 0 0 2% 2% 
Lysine added 0 0.2% 0 0.2% 0 0.2% 0 0.2% 
Replication 
Five-week gain (pounds) 
1 23.40 23.50 17.80 22.28 27.25 28.60 25.42 29.87 
2 14.08 18.12 21.02 20.78 22.50 24.25 22.82 20.72 
3 13.52 18.10 16.10 16.55 • • e • • • • t • • # * # $ # # # # # # 
Ave. (17.00) (19.76) (18.31) (19.87) (24.88) (26.42) (24.12) (25.29) 
Five-week feed/gain 
1 2.54 2.13 2.40 2.13 1.86 1.87 2.02 1.84 
2 2.59 2.12 2.24 2.30 1.78 1.72 1.71 1.76 
3 2.81 2.12 2.36 2.26 • • • • • • • • 
Ave. (2.65) (2.12) (2.36) (2.23) (1.82) (1.80) (1.87) (1.80) 
Two-week gain (pounds) 
1 6.90 6.68 5.32 5.78 11.82 10.35 9.62 11.50 
2 4.95 5.50 6.90 6.78 9.12 9.75 8.70 7.48 
3 4.52 5.23 3.85 4.92 • • • • • • • • • • • • • • • • • • • 
Ave. (5.51) (5.80) (5.36) (5.83) (10.47) (10.05) (9.16) (9.49) 
Table 23. (Continued) 
Protein level 14% 14% 14% 14% 24% 24% 24% 24% 
K acetate added 0 0 2% 2% 0 0 2% 2% 
Lysine added 0 0.2% 0 0.2% 0 0.2% 0 0.2% 
Replication 
Two-week feed/gain 
1 2.99 2.72 3.76 2.81 1.78 1.90 2.18 1.86 
2 2.70 2.48 2.66 2.44 1.85 1.72 1.90 1.87 
3 3.04 2.70 3.34 2.56 • • • • • • e • • • • • • • • • 
Ave. (2.91) (2.63) (3.25) (2.60) (1.82) (1.81) (2.04) (1.86) 
Figure 3. Experiment 1146 - Effect of levels of potassium and lysine 
at two protein levels on the weight gains and efficiency 
of feed conversion of baby pigs 
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experimental rations. After five weeks the potassium supplementation 
more markedly improved the growth rate of the pigs fed the 14 per cent 
protein rations. There was still a retardation of growth of the pigs fed 
the 24 per cent protein rations supplemented with potassium. The results 
obtained with the animals fed the 14 per cent protein diets in this experi­
ment suggest that the benefit of potassium supplementation may only be at 
low protein levels, those fed here were well below the protein requirement. 
The addition of lysine improved the growth rate of the pigs fed the 14 
per cent and 24 per cent protein rations. The difference is quite large 
but not significant. The growth response from lysine with 24 per cent 
protein rations is quite surprising as this ration already contained 1.24 
per cent lysine. 
The efficiency of feed utilization was improved by the addition of 
lysine to the ration after two and five weeks at both protein levels, 14 
and 24 per cent. The data given in Table 26 show the lysine effect to be 
significant and also a significant lysine and potassium interaction, which 
is not readily explained. The efficiency of feed utilization was improved 
by increasing the protein content of the ration from 14 to 24 per cent. 
With the split plot experimental design used in this experiment it is 
difficult to show the significance of the results of the main plot. 
Supplementation of diets with potassium caused a decrease in the efficiency 
of feed conversion after two weeks but after five weeks there was no 
additional change recorded. These results are not statistically 
significant. 
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Table 24 sunmarizes the free amino acid data of the plasma. Ihe 
addition of lysine to the experimental rations resulted in an increase of 
the free lysine content of the plasma. This effect is much more marked 
with the pigs fed the 14 per cent protein rations than with the pigs fed 
the 24 per cent protein rations, although there was a slight increase in 
the latter which may be explained by the already adequate lysine content 
of this second ration. The plasma lysine level of the pigs fed the 24 
per cent protein diets not supplemented with lysine was greater than that 
of the pigs fed the 14 per cent protein rations. With the supplementation 
of lysine, the lysine content of the plasma of the pigs fed the 14 per cent 
protein rations was increased above that of the 24 per cent protein fed 
pigs. These results may be compared with those of Morrison et al. (1961). 
In that work the plasma lysine levels increased until the dietary lysine 
was 1 per cent of the diet and this was 0.2 per cent above the requirement 
for maximum growth. These were high protein studies with rations containing 
38 per cent crude protein. Tonkinson et al. (1961) found increased lysine 
levels in the plasma of turkey poults as the lysine content of their ration 
was raised. 
The change resulting from the addition of potassium to the rations was 
small. There was reduction of the arginine and histidine content of the 
plasma. The changes in lysine and ornithine were slight. The total basic 
amino acid values are the sum of the lysine, histidine, arginine and ornithine 
values and this was divided by four to obtain an average. If there was a 
cationic effect, a reduction of the lysine values with the addition of 
potassium could have been expected. The phenylalanine and tyrosine content 
Table 24. Experiment 1146 - Blood plasma free basic amino acids (uMoles/100 ml.) 
Protein level 
K acetate added 
Lysine added 
Replication 
14% 
0 
0 
14% 
0 
0.2% 
14% 
2% 
0 
14% 
2% 
0.2% 
24% 
0 
0 
24% 
0 
0.2% 
24% 
2% 
0 
24% 
2% 
0.2% 
Lysine 
1 18.6 25.0 9.9 25.0 22.0 23.4 21.1 24.9 
2 19.0 35.7 20.2 37.2 23.6 24.7 24.6 27.8 
3 10.8 24.8 14.4 35.0 « • • • 
Ave. (16.1) (28.5) (14.8) (32.4) (22.8) (24.0) (22.9) (26.3) 
Ornithine 
1 19.0 23.3 15.3 13.7 17.0 15.8 23.7 18.5 
2 20.4 22.6 24.0 16.0 20.6 16.6 24.0 14.0 
3 18.6 17.2 23.7 21.8 • • • • • • • • • • • • e • • • 
Ave. (19.3) (21.1) (21.0) (17.2) (18.8) (16.2) (23.8) (16.3) 
Arginine 
1 14.9 22.6 17.9 17.4 20.8 22.0 20.7 28.1 
2 25.6 22.8 18.5 19.7 23.3 21.4 20.0 25.0 
3 19.6 12.8 12.2 15.7 
Ave. (20.1) (18.1) (16.2) (17.6) (22.0) (21.7) (20.4) (26.5) 
Table 24. (Continued) 
Protein level 14% 14% 14% 14% 24% 24% 24% 24% 
K acetate added 0 0 2% 21 0 0 2% 2% 
Lysine added 0 0.2% 0 0.2% 0 0.2% 0 0.2% 
Replication 
Histidine 
1 17.7 11.8 11.8 14.8 11.6 20.2 11.6 12.1 
2 30.0 17.2 20.6 14.9 18.7 19.9 12.7 12.5 
3 9.2 10.2 14.6 14.0 
Ave. (18.7) (13.1) (15.7) (14.6) (15.1) (20.1) (12.2) (12.3) 
Tyrosine and phenylalanine 
1 26.7 35.6 23.7 20.5 22.2 19.7 33.9 19.7 
2 47.2 25.6 35.0 23.2 31.3 19.7 30.7 17.3 
3 24.6 21.0 37.4 26.6 • • • • 
Ave. (32.9) (28.0) (32.0) (23.4) (26.7) (19.7) (32.3) (18.5) 
Total basic amino acids 
Ave. 18.6 20.2 16.9 20.4 19.7 20.5 19.8 20.4 
Table 25. Experiment 1146 - Summary of blood plasma sodium content, potassium content, alpha 
amino nitrogen and hematocrit 
Protein level 14% 14% 14% 14% 24% 24% 24% 24% 
K acetate added 0 0 2% 2% 0 0 2% 2% 
Lysine added 0 0.2% 0 0.2% 0 0.2% 0 0.2% 
Replication 
Plasma potassium (meq/1, 
1 7.4 7.4 7.9 7.0 7.2 7.0 7.4 7.8 
2 7.7 7.3 8.2 7.8 6.9 7.4 7.8 7.6 
3 7.4 7.0 7.2 7.7 • • • 
Ave. (7.5) (7.2) (7.8) (7.5) (7.0) (7.2) (7.6) (7.7) 
Plasma sodium (meq/1.) 
1 169 171 153 156 154 168 155 150 
2 160 180 185 180 155 158 159 162 
3 144 161 159 161 • • • • • • 
Ave. (159) (171) (166) (166) (154) (163) (157) (156) 
Hematocrit W. 
1 50.6 49.1 43.8 46.2 61.6 56.3 56.4 57.3 
2 47.2 47.9 48.5 47.9 54.7 53.6 55.4 50.8 
3 52.1 47.2 49.9 47.6 
Ave. (50.9) (48.1) (47.4) (47.2) (58.2) (55.0) (55.9) (54.0) 
Alpha amino nitrogen (absorbance) 
1 0.26 0.25 0.20 0.19 0.17 0.34 0.39 0.17 
2 0.52 0.10 0.22 0.38 0.13 0.16 0.15 0.23 
3 0.70 0.40 0.26 0.51 • • • • 
Ave. (0.48) (0.25) (0.23) (0.36) (0.15) (0.25) (0.27) (0.20) 
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Table 26. Experiment 1146 - Analysis of variance plan and observed mean 
squares for gain, feed required per pound of gain and hematocrit 
Mean squares 
Source of variation d. f. Hematocrit Gain F/G 
Main plot 3 100.069 59.505 0.3314 
Replication 1 14.631 69.639 0.0203 
Protein 1 263.251 104.551 0.9458 
Error (A) 1 22.326 4.326 0.0281 
Subplot treatment 6 4.736 2.460 0.0371a 
K versus no K 1 13.506 0.018 0.0027 
Lysine versus no lysine 1 5.176 11.189 0.1008* 
K x lysine 1 1.756 0.002 0.0218 
K x protein 1 0.276 3.062 0.0106 
Lysine x protein 1 7.701 0.384 0.0518* 
Lysine x K x protein 1 0.001 0.106 0.0350 
Error 6 5.185 8.985 0.0076 
Total 15 23.982 16.479 0.0842 
a 
Statistical significance at P = 0.01 or less. 
Table 27. Experiment 1146 - Analysis of variance plan and observed mean 
squares for gain, feed required per pound of gain and hematocrit 
considering only the 14 per cent protein rations 
Mean squares 
Source of variation d. , f. Hematocrit Gain F/G 
Replication 2 3.406 31.133 0.0145 
Treatment 3 4.709 5.526 0.1536% 
K versus no K 1 8.670 1.512 0.0234 
Lysine versus no lysine 1 3.203 13.997 0.3234% 
K x lysine 1 2.253 1.068 0.114ia 
Error 6 4.951 7.625 0.0087 
Total 11 4.604 11.326 0.0493 
^Statistical significance at P = 0.05 or less. 
^Statistical significance at P = 0.01 or less. 
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Table 28. Experiment 1146 - Analysis of variance plan and observed mean 
squares for potassium, sodium and lysine content of the plasma 
Source of variation d. f. K 
Mean squares 
Na Lysine 
Main plot 3 0.1275 3.129 50.286 
Replication 1 0.1600 2.481 111.831 
Protein 1 r 0.16Q0 5.406 0.276 
Error (A) 1 0.0625 1.501 38.751 
Subplot treatment 6 0.1996 0.350 68.460* 
K versus no K 1 0.6400* 0.141 0.226, 
Lysine versus no lysine 1 0.0900 0.766 256.801° 
K x lysine 1 0.0625 1.156 12.426 
K x protein 1 0.0625 0.006 6.376, 
Lysine x protein 1 0.3525 0.016 133.981° 
K x lysine x protein 1 0.0400 0.016 0.951 
Error 6 0.0696 1.022 7.647 
Total 15 0.1332 , 1.175 40.580 
Statistical significance at P = 0.05 or less. 
b 
Statistical significance at P = 0.01 or less. 
of the plasma was not altered by the potassium content of the diet, but 
the addition of lysine caused a decrease in every case. The supplementation 
of the ration with lysine had no overall effect on the arginine, histidine 
or ornithine content of the plasma. Tonkins on et al. (1961) found that 
increasing the dietary lysine level resulted in increased histidine but 
decreased arginine values for the plasma. Owings (I960) also found a 
decrease of the arginine content of the chick plasma after the feeding of 
lysine. Richardson et al. (1953) found that arginine values increased. 
The data of Table 28 show that the plasma lysine increase with lysine 
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supplementation is statistically significant. There is also a significant 
lysine and protein interaction. The level of free plasma basic amino acids 
increased as increasing protein levels were fed to the animals. 
The plasma pot ass inn content is summarized in Table 25. The addition 
of 2 per cent potassium acetate to the diets resulted in a significant 
increase in the potassium content of the plasma, Table 28. Jones (1961) 
and Hannan (1959) could find no similar changes. The levels of lysine and 
protein in the ration did not appear to alter the potassium content of the 
plasma. 
The sodium content of the plasma was decreased by the potassium 
supplementation of the rations fed to the animals in the presence of lysine 
supplementation but there was no decrease in sodium content without lysine 
and potassium supplementation. These differences are not statistically 
significant. The data may be the result of random variation, but could be 
explained by the increase in free lysine and potassium acting as cations in 
the plasma, resulting in a decrease of the sodium as the number of anionic 
sites is fixed. 
The hematocrit values are lower for the pigs fed 14 per cent protein 
rations than for the pigs fed the 24 per cent protein rations, and are also 
reduced by the addition of potassium to the diets. Similar data have been 
reported previously by Piatt (1961) who showed that both plasma proteins 
and hemoglobin levels of pigs were reduced when these animals were fed low 
protein diets. Hie addition of lysine seemed to decrease hematocrit values 
but this is not a statistically significant difference, Table 26. 
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The alpha amino nitrogen values are again recorded but this time 
the level of protein, lysine and potassium in the ration could not increase 
or decrease the observed values. 
Experiment 1155 - Level of potassium supplementation of baby pig diets 
Objective In the first three experiments 2 per cent potassium 
acetate or 0.8 per cent potassium was added to the diets since this was 
the potassium content that resulted in the best gains in the work of 
Hannan (1959) who used casein as the protein source. This experiment 
was designed to determine if this addition was optimum for maximum 
response from soybean meal rations for baby pigs. The effect was studied 
using two different protein levels, 16 and 20 per cent. The sodium level 
of the diet was held constant, unlike the increasing sodium levels fed by 
Hannan (1959). 
Experimental procedure Seventy-two crossbred pigs averaging 11.0 
pounds initial weight and 15.8 days of age were used in this experiment. 
All animals were randomly allotted within littermates to a randomized block 
design with six experimental treatments. There were four pigs per pen and 
three replications of the ration treatments, making a total of 18 experi­
mental units. The experiment was conducted in Unit H at the Swine Research 
Farm. 
The diets fed were corn and soybean meal, formulated to provide 16 or 
20 per cent protein in the complete ration. The composition of the diets 
is essentially the same as for Experiments 1127 and 1132 and can be found 
in Tables 3 and 5. Table 6 shows the calculated analysis of the diets 
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including the sodium, potassium and basic amino acid content. Each of the 
above two basal rations was supplemented with 0, 1 per cent or 2 per cent 
potassium acetate making a total of six treatments. 
Blood samples were collected at the completion of the 35-day feeding 
period when the average weight of the pigs was 34.6 pounds. Analysis of 
the sodium, potassium and free basic amino acid content of the plasma was 
made. Individual values for sodium and potassium were obtained, but for 
the amino acid data the blood of all pigs in the same pen was pooled. 
Results and discussion The weight gains after two weeks of feeding 
the experimental rations were improved by the supplementation of the rations 
with potassium at both the 16 and 20 per cent protein level. This is shown 
in Table 29 and Figure 4. The 1 per cent level of potassium acetate 
supplementation improved growth to a greater extent than the 2 per cent 
level of potassium acetate. Table 31 shows the potassium effect to be 
statistically significant and the result shows the quadratic significance. 
After four weeks of feeding the experimental rations the potassium 
supplementations still caused improved growth, especially with the 1 per cent 
potassium acetate addition, but the differences were no longer statistically 
significant. In this experiment the increase in the protein content from 
16 to 20 per cent of the ration did not improve the weight gains of the pigs. 
The reactions observed in the efficiency of feed utilization are 
similar to those of the weight gains. After two and four weeks of feeding 
the experimental diets the efficiency of feed utilization was improved by 
the addition of 1 per cent potassium acetate to the rations but not by the 
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Table 29. Experiment 1155 - Sunmary of gain and feed required per pound 
of gain 
Protein level 16% 
Potassium acetate 0 
16% 
1% 
16% 
2% 
20% 
0 
20% 
1% 
20% 
2% 
Replication 
Two-week gain (pounds) 
1 
2 
3 
Ave. 
1 
2 
3 
Ave. 
1 
2 
3 
Ave. 
1 
2 
3 
Ave. 
5.12 
1.75 
2.48 
(3.12) 
1.95 
4.14 
2.28 
(2.79) 
25.25 
20.75 
20.72 
(22.24) 
2.03 
2.06 
2.07 
(2.05) 
4.92 
3.20 
4.50 
(4.21) 
1.66 
2.54 
1.95 
(2.05) 
4.08 
4.62 
2.05 
(3.58) 
3.22 
3.12 
0.98 
(2.44) 
Two-week feed/gain 
2.02 
2.41 
3.96 
(2.80) 
2.75 
2.56 
4.74 
(3.35) 
5.45 
6.62 
3.90 
(5.32) 
1.81 
1.77 
1.83 
(1.80) 
Four-week gain (pounds) 
23.30 19.82 23.60 26.45 
19.95 27.17 23.88 27.88 
25.75 18.18 21.60 24.65 
(23.00) (21.71) (23.03) (26.33) 
Four-week feed/gain 
1.99 
2.02 
2.00 
(2.00) 
2.24 
2.20 
2.21 
(2.22) 
1.70 
2.06 
1.83 
(1.86) 
1.81 
1.75 
1.84 
(1.80) 
5.90 
4.40 
3.40 
(4.57) 
1.69 
3.44 
2.24 
(2.46) 
26.52 
26.65 
22.52 
(25.23) 
1.87 
1.85 
1.95 
(1.89) 
Experiment 1155 - Effect of potassium supplementation at 
two levels on the weight gains and efficiency of feed 
conversion of baby pigs fed two different protein levels 
85 
WEEKS 
ON EXP „ ^ J 22.2 £3X) 21.7 23.0 
20 
GAIN 
PROTEIN, % 
K ACETATE, % 
20 20 
I 
20 
2 2 
1.0 
F/G 
1.86 180 139 2.0 2.05 2.00 
2.22 
3.0 
86 
Table 30. Experiment 1155 - Summary of the plasma sodium and potassium 
content 
Protein level 16% 16% 16% 20% 20% 20% 
Potassium acetate 0 1% 2% 0 1% 2% 
Replication 
Plasma sodiiro (meq/1.) 
1 149 159 134 176 151 150 
2 149 147 131 115 134 140 
3 145 147 145 128 136 145 
Ave. (147) (151) (137) (140) (140) (145) 
Plasma potassium (meq/1.) 
1 7.7 8.3 8.2 7.7 8.5 8.5 
2 7.5 7.4 8.3 6.4 7.2 6.8 
3 6.6 7.4 7.8 5.6 6.5 7.0 
Ave. (7.3) (7.7) (8.1) (6.6) (7.4) (7.4) 
addition of 2 per cent potassium acetate to the rations. The same results 
were obtained in this experiment whether the protein content of the ration 
was 16 or 20 per cent. These results were not statistically significant 
for the measurements made at two weeks. After four weeks there was a 
significant quadratic effect of potassium levels. The efficiency of feed 
utilization was not improved by the higher or 20 per cent protein level 
after two weeks, but after four weeks this did result in a significant 
improvement. 
Table 30 shows a summary of the sodium and potassium content of the 
plasma. The plasma sodium levels can be no way related to the rations fed 
to the animals. On the other hand, the plasma content of potassium increases 
with increasing potassium levels in the ration as has been previously noted. 
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Table 31. Experiment 1155 - Analysis of variance plan and observed mean 
squares for gain and feed required per pound of gain 
Mean squares 
Two-week Four-week 
Source of variation d. f. Gain F/G Gain F/G 
Replication 2 5.4240* 1.4176 8.2909 0.0045, 
Treatment 5 3.2433 0.9445 9.7283 0.0693° 
16% versus 20% 1 1.0130 0.0003 29.1594 0.2592° 
Levels of K acetate 2 6.1043* 1.9938 6.2462 0.0332* 
Linear 1 5.0440 0.5896 2.0917 0.0271 
Quadratic 1 7.1645* 3.3979 10.4006 0.0434* 
Protèin x K 2 1.4974 0.3674 3.4948 0.0085 
Error 10 1.0811 0.6981 7.8621 0.0070 
Total 17 2.2300 0.8552 8.4614 0.0250 
Statistical significance at P = 0.05 or less. 
^Statistical significance at P = 0.01 or less. 
Table 32. Experiment 1155 - Analysis of variance plan and observed mean 
squares for plasma sodium and potassium levels 
Mean squares 
Source of variation d. f. Sodium Potassium 
Replication 2 490 2.7606 
Treatment 5 88 0.7756* 
16% versus 201 1 53 1.3888* 
Levels of K acetate 2 36 1.1706* 
Linear 1 24 2.1675b 
Quadratic 1 47 0.1740 
Protein x K 2 158 0.0740 
Error 10 153 0.1879 
Total 17 173 0.0663 
a 
Statistical significance at P = 0.05 or less. 
^Statistical significance at P = 0.01 or less. 
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The analysis in Table 32 shows this result to be linearly significant. 
There was also significantly less potassium in the serum with the diet 
containing the 20 per cent protein. This reduction is similar to the 
me of Experiment 1146. The explanation which may be given is that the 
greater intake of basic amino acids with the higher protein ration and 
these may act as tissue cations replacing some of the potassium. This 
may also be used as an explanation of the unaltered sodium levels in the 
plasma. This data is in contrast with the observed reduction in plasma 
potassium content found by feeding low protein rations in kwashiorkor 
studies (Senecal (1958)). 
In Table 33 and Figures 5 and 6 the free plasma amino acid data are 
shown. The supplementation of the ration with potassium reduces the free 
lysine in the plasma. The 1 per cent potassium acetate additions reduced 
the lysine content to a greater extent than the 2 per cent potassium acetate 
additions. This is in direct relation to the observed growth rate. The 
other noticeable effect is the increased lysine level with increasing the 
protein content of the rations fed from 16 to 20 per cent. The increase 
in free basic amino acids may result from the decrease in potassium in the 
plasma as the protein is increased and cation balance maintained. 
Ornithine and arginine act similarly to lysine by being present in 
reduced levels in the plasma of the pigs whose rations had been supplemented 
with potassium and in increased levels as the protein content of the rations 
was increased. Histidine was not altered by the potassium additions, but 
shows a similar increase with increasing protein content of the diet. 
Histidine is the least likely of these amino acids to act as a cation at 
Table 33. Experiment 1155 - Summary of blood plasma free basic amino acids (yMoles/l.) 
Protein level 
Potassium acetate 
Replication 
16% 
0 
16% 
1% 
16% 
2% 
20% 
0 
20% 
1% 
20% 
2% 
Lysine 
1 
2 
3 
Ave. 
1 
2 
3 
Ave. 
1 
2 
3 
Ave. 
24.08 
27.88 
28.12 
(26.69) 
24.40 
33.88 
28.56 
(28.95) 
29.60 
34.80 
16.56 
(26.99) 
27.08 
16.72 
13.68 
(19.13) 
35.40 
14.72 
20.00 
(23.34) 
40.40 
15.72 
15.36 
(23.83) 
27.68 
22.40 
16.16 
(22.08) 
29.72 
30.86 
32.00 
(30.86) 
Ornithine 
27.52 
27.28 
30.00 
(28.27) 
28.88 
33.94 
39.00 
(33.94) 
Arginine 
30.80 
30.40 
19.32 
(26.84) 
29.68 
35.44 
41.20 
(35.44) 
27.48 
29.40 
22.40 
(26.43) 
25.00 
37.48 
24.01 
(28.83) 
21.68 
28.16 
20.80 
(23.55) 
39.40 
23.40 
18.26 
(27.02) 
30.40 
21.24 
33.60 
(28.42) 
32.40 
21.60 
25.44 
(26.48) 
Histidine 
1 
2 
3 
Ave. 
22.00 
20.60 
19.92 
(20.84) 
35.04 
13.32 
14.76 
(21.04) 
21.92 
18.60 
16.80 
(19.13) 
20.00 
23.00 
26.00 
(23.00) 
24.92 
28.00 
15.83 
(22.91) 
26.80 
23.80 
25.48 
(25.36) 
Table 33. (Continued) 
Protein level 16% 16% 16% 20% 20% 20% 
Potassium acetate 0 1% 2% 0 1% 2% 
Replication 
Tyrosine and phenylalanine 
1 
2 
3 
Ave. 
30.88 
45.24 
31.30 
(35.81) 
58.40 
25.28 
27.84 
(37.17) 
36.40 
45.44 
35.44 
(39.09) 
34.72 
47.04 
59.36 
(47.04) 
29.56 
41.12 
25.60 
(32.09) 
37.04 
23.68 
33.76 
(31.59) 
Total basic amino acids 
Ave. 103.5 87.3 96.3 123.2 101.7 107.3 
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Table 34. Experiment 1155 - Analysis of variance plan and observed mean 
squares for basic amino acids 
Mean squares 
Source of variation d. f. Lysine Ornithine Arginine Histidine 
Replication 2 84.013 1.829 69.508 45.428 
Treatment 5 51.071 33.668 88.832 14.254 
16% versus 20% 1 134.043 56.110 55.989 52.942 
Levels of K acetate 2 57.751 43.199 30.524 0.167 
Linear 1 53.594 28.892 86.224 0.294 
Quadratic 1 59.908 57.507 • 62.198 0.039 
K x protein 2 3.905 12.996 110.250 8.998 
Error 9 31.037 52.327 38.488 35.835 
Total 16 43.920 43.460 72.725 30.290 
physiological pH values and it may be in an uncharged form to a large extent 
which would explain the results obtained. Tyrosine and phenylalanine levels 
in the plasma were not altered by the dietary treatments. Ihe values given 
for the total free basic amino acids are the sum of the lysine, histidine, 
arginine and ornithine values. This value decreased with the addition of 
potassium to the rations and 1 per cent potassium acetate additions reduced 
the value more than 2 per cent potassium acetate additions. These results 
are not statistically significant, Table The increase in the protein 
level from 16 to 20 per cent of the ratio.. ilted in increased levels of 
the free basic amino acids in the plasma. A similar result was previously 
observed by Ritchey and Richardson (1959). 
Figure 5. Experiment 1155 - Effect 
two levels on the plasma 
content of baby pigs fed 
of potassium supplementation at 
lysine, ornithine and arginine 
two different protein levels 
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Figure 6. Experiment 1155 - Effect of potassium supplementation at 
two levels on the plasma histidine, tyrosine and phenyl­
alanine and total basic free amino acid contait of baby pigs 
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Experiment 1160 - Potassium supplementation of different protein sources 
for baby pigs 
Objective This experiment was designed to measure the effect of 
1 per cent potassium acetate additions to complete rations for baby pigs 
and to observe any differences which could be attributed to the source 
of protein or potassium content of the rations. Three protein sources, 
soybean meal, casein and fish meal, were chosen for this study. The 
protein level was below the requirement of the baby pig for optimum growth. 
Experimental procedure Thirty-six crossbred pigs averaging 10.9 
pounds body weight and 14.6 days of age were used in this experiment. The 
animals were randomly allotted to the six experimental rations. There were 
three replications of two pigs per pen. The experiment was conducted in 
Unit D at the Swine Research Farm. 
The diets were formulated to provide 16 per cent protein in the complete 
ration. Corn was used as the energy source in all cases. The exact composi­
tion of the rations is shown in Table 35 and the calculated analysis 
including the sodium, potassium and basic amino acid content is shown in 
Table 36. Each of the three basal rations was also supplemented with 1 
per cent potassium acetate, as was found necessary for ma-rimum response in 
Experiment 1155, making a total of six treatments. 
Blood samples were collected at the conclusion of the 35-day feeding 
period when the average weight of the pigs was 25.6 pounds. For the amino 
acid analysis the blood samples from the two pigs in the same pen were pooled. 
Individual sodium and potassium measurements were made on each sample. One 
pig from each treatment was sacrificed at the conclusion of the trial and 
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Table 35. Experiment 1160 - Composition of experimental diets 
Ingredient 1 
Ration 
2 3 
Ground yellow corn 63.6 72.8 71.6 
Fish meal 0 0 15.4 
Casein (crude) 0 11.6 0 
Soybean meal (solv. 50%) 20.7 0 0 
Sucrose 10.0 10.0 10.0 
Stabilized lard 2.0 2.0 2.0 
Vitamin-antibiotic premix3 0.8 0.8 0.8 
Calcium carbonate 0.7 0.9 0 
Dicalcium phosphate 1.5 1.2 0 
Iodized salt , 0.5 0.5 0 
Trace mineral premix 0.2 0.2 0.2 
Total 100.0 100.0 100.0 
a 
For composition see Table 4. 
kpor composition see Table 5. 
samples of liver, kidney and muscle were taken for sodium, potassium and 
basic amino acid analysis. 
Results and discussion The calculated analysis of the rations in 
Table 36 indicates that although the protein contents of the rations were 
equalized, the amino acid composition of the three rations varied widely. 
The last column of this table is the N.R.C. (1959) requirement for baby 
pigs in all cases except for the amino acids. The amino acid values quoted 
were obtained from the data collected by Hays (1961) and presented for 16 
per cent protein rations. The most obvious amino acid shortages are lysine 
and methionine in the soybean meal rations. Soybean meal rations are higher 
in their potassium content than the fish meal and casein rations. 
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Table 36. Experiment 1160 - Calculated analysis of experimental diets 
Requirement 
Ingredient 1 2 3 See text 
Protein % 16.0 16.0 16.0 20.0 
Fat % 4.4 4.8 5.7 2.5 
Fiber % 2.1 1.8 2.0 
Calcium % 0.71 0.74 0.79 0.7 
Phosphorus % 0.55 0.51 0.64 0.5 
Vitamin A I.U./lb. 3150 3230 3200 3000 
Vitamin D I.U./lb. 490 490 490 500 
Riboflavin mg./lb. 5.8 5.6 5.9 5.0 
Pantothenic acid mg./lb. 13.2 12.3 12.7 10.0 
Niacin mg./lb. 31.6 30.6 34.2 30.0 
Choline mg./lb. 397 157 374 500 
Vitamin 
Potassium 
meg./lb 10 10 10 10 
% 0.58 0.23 0.25 0.25 
Sodium % 0.22 0.22 0.25 0.20 
Lysine % 0.67 0.96 0.80 0.80 
Phenylalanine + 
tyrosine % 1.33 1.67 1.28 0.40 
Histidine % 0.40 0.40 0.35 0.24 
Methionine % 0.26 0.36 0.38 0.53 
Arginine % 0.81 0.60 0.90 0.29 
Total basic amino acid % 2.08 2.32 2.43 1.86 
The weight gains after two and four weeks were most influenced by the 
protein source and this data are shown in Table 37 and Figure 7. The gain 
after two weeks may be considered normal with the soybean meal rations and 
casein fed pigs, but the pigs fed the fish meal diets did not gain at a 
normal rate. After five weeks of feeding the experimental rations the 
most rapid growth was obtained with the pigs fed the soybean meal. Soybean 
meal was found to be significantly better than casein in promoting the 
growth of the pigs, and casein was significantly better than fish meal, 
Table 40. Casein rations would normally be expected to promote better 
growth than soybean meal rations. A chemical analysis was not made of the 
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Table 37. Experiment 1160 - Summary of gain and feed required per pound 
of gain 
Protein source Soy Soy Casein Casein F.M. F.M. 
K acetate added 0 1% 0 1% 0 1% 
Replication 
Two-week gain (pounds) 
1 3.15 3.00 2.60 2.70 1.10 1.65 
2 3.60 3.50 1.85 3.80 2.10 1.80 
3 2.75 1.55 2.65 2.45 2.05 1.30 
Ave. (3.17) (2.68) (2.37) (2.98) (1.75) (1.58) 
Two-week feed/gain 
1 3.57 3.02 3.17 3.80 7.86 4.54 
2 3.06 3.07 4.05 2.70 4.29 4.44 
3 3.18 5.48 3.30 3.67 4.76 6.15 
Ave. (3.27) (3.86) (3.51) (3.39) (5.64) (5.04) 
Five-week gain (pounds) 
1 19,40 18.20 15.35 18.20 6.50 9.90 
2 22.60 22.25 15.10 19.55 8.35 9.55 
3 17.00 16.30 17.65 13.70 11.05 4.05 
Ave. (19.67) (18.92) (16.02) (17.15) (8.63) (7.83) 
Five-week feed/gain 
1 2.69 2.63 2.26 1.74 4.04 2.81 
2 2.20 1.92 2.17 1.96 3.32 2.80 
3 2.37 2.15 2.03 2.54 2.83 4.94 
Ave. (2.42) (2.07) (2.15) (2.08) (3.40) (3.52) 
casein used in this experiment, but the crude casein may have been a 
poorer protein source than that used in previous experiments. Ihe addi­
tion of potassium to the rations improved the weight gains of the pigs fed 
the casein rations, but not of the pigs fed the fish meal and soybean meal 
rations, although these differences were not significant. Haiman (1959) 
Figure 7. Experiment 1160 - Effect of protein source and potassium 
supplementation on the weight gain and efficiency of feed 
conversion of baby pigs 
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also found the improvement of growth by high level potassium feeding to 
pigs fed casein diets. The growth results of pigs fed the fish meal and 
soybean meal diets are in contrast with the results of earlier Experiments, 
1132 and 1155, where soybean meal was the source of protein in the diets. 
The efficiency of feed utilization responds in a manner similar to 
the weight gains. The results show poor performance of the pigs fed the 
fish meal diets after two and five weeks of feeding the experimental rations. 
This difference was statistically significant. There is no difference in 
the efficiency of feed utilization between soybean meal or casein diets 
after two and five weeks. 
In Table 38 the potassium content of the various tissues is shown. In 
this experiment as in previous experiments the addition of potassium to the 
rations increased the potassium content of the plasma. The potassium content 
of the plasma of the pigs fed the soybean meal rations was greater than those 
fed the other two rations. This ration contained the highest potassium level 
and it may be said that whatever the protein source, the potassium content of 
the plasma is directly related to potassium intake. The differences in the 
potassium content were, however, not statistically significant. The potassium 
content of the muscle tissue also seemed to be greater when the potassium 
content of the ration was increased by supplementation with 1 per cent 
potassium acetate. The differences were small and there was a slight 
protein source effect. The potassium content of the liver was slightly 
increased with increasing potassium content of the ration if casein or fish 
meal was the source of protein but not if soybean protein was fed. There 
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Table 38. Experiment 1160 - Summary of the sodium and potassium content 
of the various tissues 
Protein source SBM SBM Casein Casein F.M. F.M. 
K acetate added 0 II 0 1% 0 1% 
x 
Replication 
Plasma potassium (meq/1.) 
1 5.5 6.0 3.5 4.5 4.2 5.1 
2 6.1 5.4 4.6 5.0 5.3 6.6 
3 4.7 5.2 5.0 5.5 5.1 5.7 
Ave. (5.43) (5.53) (4.37) (5.00) (4.87) (5.80) 
Plasma sodium (meq/1.) 
1 173 122 156 120 178 168 
2 133 167 128 143 152 114 
3 140 145 150 140 173 174 
Ave. (149) (145) (145) (131) (168) (152) 
Muscle potassium (meg/Kg) 
81 89 80 88 75 83 
Muscle sodium (meq/Kg) 
46 41 35 20 43 38 
Kidney potassium (meq/Kg) 
73 73 74 73 70 66 
Kidney sodium (meq/Kg) 
39 35 38 43 38 35 
Liver potassium (meq/Kg) 
78 78 74 78 71 78 
Liver sodium (meq/Kg) 
32 35 32 44 25 20 
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was no change in the potassium content of the kidney with the different 
dietary treatments. 
The sodium content of the plasma was reduced by the potassium ad­
ditions to all rations. The level of sodium in the plasma of the pigs 
fed the fish meal diets was greater than in the other two rations but 
this difference was not statistically significant. The level of sodium 
in the muscle was also decreased by the addition of potassium to the 
rations. The casein diets produced the lowest sodium content of the 
muscle samples. The sodium content of the liver and kidney was not 
affected by either the potassium levels of protein source. 
There have been few reports of the potassium and sodium content of 
the liver, kidney and muscle of the pig, however, the values quoted here 
are in agreement with those reported for other species and summarized by 
Comar and Bronner (1962). 
The free basic amino acids found in the plasma are shown in Table 39 
and Figures 8 and 9. The highest lysine level was found in the casein 
fed pigs, and it was also high in the pigs fed the fish meal diets but 
much lower in the pigs fed the soybean meal diets. Since the lysine 
content of the three protein sources was in this order, this indicates a 
direct relationship. This confirms the data of Puchal (1962) who found 
the plasma amino acid values directly related to the dietary amino acid 
intake using various protein sources. Statistical analysis of the plasma 
lysine concentrations is shown in Table 41. 
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Table 39. Experiment 1160 - Summary of plasma free basic amino acids 
(in pMoles/100 ml.) 
Protein source SEM SBM Casein Casein F.M. F.M. 
K acetate added 0 1% 0 1% 0 1% 
Replication 
Lysine 
1 13.1 11.6 31.0 22.0 24.2 26.3 
2 18.5 8.8 33.9 14.0 23.0 17.5 
3 12.5 12.2 44.0 17.3 28.7 30.1 
Ave. (14.0) (10.8) (36.3) (17.8) (25.3) (24.5) 
Histidine 
1 11.3 11.4 23.2 16.1 13.5 16.9 
2 21.0 9.4 19.7 14.1 12.6 8.6 
3 12.7 18.0 31.4 9.8 13.0 15.0 
Ave. (15.0) (12.9) (24.8) (13.3) (13.0) (13.5) 
Arginine 
1 15.0 15.5 15.5 13.3 13.0 21.9 
2 20.0 11.0 22.9 8.2 14.1 14.1 
3 12.8 20.1 25 ;2 4.4 27.0 23.2 
Ave. (15.9) (15.5) (21.2) (10.5) (16.0) (16.7) 
Ornithine 
1 16.4 15.3 13.6 13.4 9.7 20.9 
2 23.3 16.1 22.8 10.6 10.9 8.8 
3 19.5 29.4 23.6 9.5 26.0 15.7 
Ave. (19.7) (20.3) (23.3) (11.2) (15.5) (15.0) 
Phenylalanine and tyrosine 
1 24.2 26.4 41.6 33.6 15.7 29.6 
2 32.6 20.5 51.2 25.0 22.6 16.6 
3 24.6 30.6 51.2 24.2 26.9 22.9 
Ave. (27.1) (25.8) (48.0) (27.6) (21.7) (23.0) 
Total basic amino acids 
Ave. 64.6 59.5 105.6 60.8 69.8 67.8 
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Table 40. Experiment 1160 - Analysis of variance plan and observed mean 
squares for gain, feed required per pound of gain and plasma 
sodium and potassium content 
Mean squares 
Source of variation d. , f. Gain F/G Sodium Potassium 
Replication 2 13.039 0.2585, 343 0.74 
Treatment 5 80.510* * 1.3569 429 0.82 
Source of protein 2 199.438a 3.2835* 736 1.08 
SBM versus others 1 189.292* 1.1808 19 0.90 
Casein vs. F.M. 1 209.585* 5.3868* 1452 1.27 
K versus no K 1 0.093 0.0470 556 1.39 
Interaction 2 1.790 0.0850 58 0.26 
Error 10 6.290 0.3788 490 0.34 
Total 17 28.913 0.6523 455 0.53 
Statistical significance at P = 0.01 or less. 
b 
Statistical significance at P = 0.05 or less. 
Table 41. Experiment 1160 - Analysis of variance plan and observed mean 
squares for free plasma amino acids (yMbles/100 ml.) 
Ms an squares 
Histi- Argi- Orni-
Source of variation d. , f. Lysine dine nine thine 
Replication 2 88.53 8.76 23.87 60.20 
Treatment 5 35.52* 64.47 58.82 40.08 
Source of protein 2 249.89* 59.79 26.32 41.35 
SBM versus others 1 355.77* 19.21 5.44 82.51 
Casein versus F.M. 1 698.72 100.34 47.20 0.19 
K versus no K 1 12.81 84.93 63.47 37.84 
Interaction 2 58.95* 58.94 89.00 39.94 
Error 10 239.49 20.90 28.18 33.75 
Total 17 18.45 32.29 36.69 38.72 
a 
Statistical significance at P * 0.01 or less. 
^Statistical significance at P = 0.05 or less. 
Figure 8. Experiment 1160 - Effect of different protein sources and 
potassium supplementation on the plasma lysine, histidine 
and arginine content of the baby pig 
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Figure 9. Experiment 1160 - Effect of protein sources and potassium 
supplementation on the plasma ornithine, tyrosine and 
phenylalanine and total basic amino acid content 
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The addition of potassium to the diets caused a reduction of the lysine 
content of the plasma as was previously observed. This reduction was 
greatest in the pigs fed the casein diets and much less with the other two 
sources of protein fed. The histidine effect was similar to that found for 
lysine. There was also a relation to the histidine content of the rations 
fed as well as the reduction by this addition of potassium to the diet. 
The histidine differences in all cases are smaller than those found for 
lysine. The arginine and ornithine contents of the plasma were markedly 
reduced by the potassium additions to the diets for the casein protein 
source but not for the other two sources of protein. 
Ihe plasma content of phenylalanine and tyrosine was greatest in the 
pigs fed the casein protein rations and least in the fish meal fed pigs. 
Similar differences were shown by Puchal (1962) and in that case were in 
direct relation to the growth rates of the pigs. In this experiment the 
growth rates of the casein fed pigs was poor, and no similar comparison 
can be made. 
The total basic amino acid content of the plasma is the sum of the 
lysine, histidine, arginine and ornithine values. All these may act as 
cations in the tissues. The addition of potassium to the rations caused 
a reduction of the total free basic amino acids in the plasma. 
It will be noted in Figures 8 and 9 that not only was the plasma 
content of lysine correlated with the lysine content of the rations fed 
to the pigs, but the effect was also present for the phenylalanine and 
tyrosine values. The plasma values for arginine and histidine varied over 
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wide ranges and could not be well correlated to the intake of these amino 
acids. Puchal (1962) showed similar results with good correlation between 
dietary and plasma levels for lysine, histidine, phenylalanine and 
tyrosine but found variable arginine values. Almquist (1954) found that 
the free amino acids in the blood of the chick were related to the dietary 
intakes and a dietary deficiency of an amino acid depressed the levels of 
that amino acid found in the plasma. 
The data obtained from the analysis of the kidney, liver and muscle 
samples are shown in Table 42. As already mentioned, the sodium and 
potassium content of the kidney samples was not altered by the dietary 
treatments. The free lysine level of the kidney was reduced by the addi­
tion of potassium to the rations. Similar results were obtained by Eckel 
et al. (1958a) and Brandt et al. (1960) in potassium deficiency studies. 
The différait protein sources fed to the animals in this experiment 
resulted in variable free lysine amounts in the kidney. Pigs fed casein 
as the protein source had the highest lysine intakes and the highest levels 
of free lysine in the kidney. The lysine level found in the kidneys of the 
soybean meal fed pigs was greater than that found in the fish meal fed pigs. 
This in in direct relation to the expected growth rates and lysine contents 
of the diets. Jones (1961) found that the lysine content of the kidney 
of the chick could be increased by increasing the lysine intake. The 
lysine content of the rat kidney has been reported by Brandt et al. (1960) 
and others to be lower than the values found here for the pig. 
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Table 42. Experiment 1160 - Sunmary of the composition of liver, kidney 
and muscle (nMoles/100 g.) 
Protein source SBM SBM Casein Casein F.M. F.M. 
K acetate added 0 It 0 II 0 II 
Measurement 
Kidney 
Potassium 7.3 7.3 7.4 7.3 7.0 6.8 
Sodium 3.9 3.5 3.8 4.3 3.8 3.5 
Lysine 0.526 0.450 0.949 0.672 0.449 0.417 
Arginine 0.229 0.141 0.381 0.116 0.066 0.072 
Histidine 0.256 0.181 0.554 0.144 0.178 0.142 
Ornithine 0.315 0.179 0.703 0.145 0.293 0.217 
Phenylalanine + 
tyrosine 0.568 0.430 0.941 0.393 0.461 0.416 
Liver 
Potassium 7.8 7.8 7.4 7.8 7.4 7.8 
Sodium 3.2 3.5 3.2 4.0 2.5 2.0 
Lysine 0.312 0.384 0.902 0.234 0.242 0.348 
Arginine 0.038 0,029 0.036 0.016 0.023 0.014 
Histidine 0.265 0.238 0.437 0.199 0.151 0.125 
Ornithine 0.344 0.374 0.706 0.196 0.200 0.261 
Phenylalanine + 
tyrosine 0.395 0.323 0.726 0.269 0.180 0.307 
Muscle 
Potassium 8.1 8.9 8.0 8.8 7.5 8.3 
Sodium 4.6 4.1 3.5 2.0 4.3 3.8 
Lysine 0.032 0.008 0.047 0.025 0.033 0.031 
Arginine 0.037 0.029 0.055 0.009 0.016 0.029 
Ornithine 0.063 0.060 0.021 0.015 0.031 0.007 
Phenylalanine + 
tyrosine 0.078 0.069 0.051 0.041 0.034 0.041 
Histidine + 
camosine + 
anserine 1.500 1.250 1.241 0.905 0.774 0.689 
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The arginine content of the kidney, as shown in Table 42, varied with 
the protein source fed to the pigs but it was not related to the arginine 
content of the protein sources fed to the pigs. The arginine content of 
the kidney, like the lysine content, was a lot higher than that found in 
other species. The supplementation of the rations with potassium reduced the 
arginine values of the kidneys of the pigs fed the casein and soybean meal 
protein sources but not of the pigs fed the fish meal protein. A similar 
reduction was observed by Brandt et al. (1960) in the rat. In all cases of 
this experiment there was a marked reduction of the ornithine and histidine 
content of the kidney with potassiim supplementation of the rations. The 
amount of these two amino acids in the kidney appears to be independent of 
the protein source with which the pigs are supplied. In this case the 
tyrosine and phenylalanine content of the kidney samples was also reduced by 
the potassium supplementation, just the opposite of the results obtained in 
the plasma. Phenylalanine and tyrosine do not act as tissue cations at 
physiological pH values and if this is true then it must be assumed that the 
cation balance theory of Eckel et al. (1958a) is not the only explanation of 
these results. On the other hand, the phenylalanine and tyrosine content 
of the kidney does bear some relationship to the amount of these amino acids 
in the rations fed to the pigs. 
In this experiment the sodium and potassium content of the liver was 
unchanged by the dietary treatments applied to the pigs, and the same may 
be said for those amino acids which were measured — lysine, arginine, orni­
thine, histidine and phenylalanine and tyrosine. Iaccbellis et al. (1956) 
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found that the amino acid composition of the liver could not be altered 
by the potassium intake of the animals. Jones (1961) increased the lysine 
content of the liver of chicks by feeding high levels of lysine. No 
similar correlations were found in this experiment. 
The addition of supplemental potassium to the rations resulted in an 
increased potassium content of the muscle and decreased sodium content. 
There was also a higher potassium content of the muscle with the protein 
source containing the higher potassium level, in this case soybean meal. 
The addition of potassium to the rations of the pigs resulted in a 
marked reduction of the free lysine content of the muscle tissue and 
smaller reductions in the ornithine and arginine content. There was little 
change in the tyrosine and phenylalanine content. With the length of 
column used in this study histidine, camosine and anserine could not be 
separated. It is interesting to note the large reduction in these values 
in the high potassium rations. This cannot all be attributed to change 
in the histidine content as the histidine content of muscle tissue is small 
and the changes noted here are large. This suggests that potassium additions 
to the rations cause a reduction in the muscle free camosine or anserine 
or both of these compounds. This is in contrast to the findings of Brandt 
et al. (1960) and Iacobellis et al. (1956). Camosine and anserine values 
were not found to be reduced in their studies and these compounds are likely 
to act as cations at physiological pH values and hence it was concluded by 
Brandt et al. (1960) that the cation balance theory is not the only explana­
tion of the observed results. The values for these compounds are here seen 
to be in direct relation to the growth rates of the animals. Soybean meal 
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protein rations produce the best growth rates and also sustain the highest 
histidine, camosine and anserine content of the muscle tissue. These 
compounds were present in smaller amounts in the poorer growing pigs fed 
the fish meal diets. 
The ration which contained the smallest amount of lysine also produced 
the lowest free lysine levels in the muscle tissue. This is in accordance 
with the work of Jones (1961) and others who have shown that increasing the 
dietary lysine levels was reflected in the lysine content of the muscle. 
The level of free amino acids found in the muscle of the pig was similar 
to those reported for other species by Meyer et al. (1950c) and other 
workers. 
An interesting observation is the large amount of free amino acids in 
the kidney and the only slightly smaller amount in the liver. Both these 
are higher than those previously reported for the rat and the chick and no 
previous data for the pig are available. The free amino acid content of the 
muscle is much lower but the histidine, camosine and anserine values are 
high. The liver, although high in its content of most amino acids, has a 
low arginine content. On the other hand, the arginine content of the kidney 
was high and may be related to the urea production by this tissue. However, 
there was little difference in the ornithine content of the liver and the 
kidney indicating that a delicate balance is maintained. In the above 
discussion it mist be remembered that only one pig per treatment was studied 
and there were no replicates making statistical analysis impossible. 
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Experiment 1173 - Amino acid and potassium supplementation of low protein 
diets for baby pigs 
Objective This experiment was designed to study methionine, 
lysine and potassium supplementation of baby pig rations, and to observe 
the growth produced and blood picture obtained from diets supplemented 
with methionine, lysine and potassium after a 35-day feeding period. 
Experimental procedure Forty-eight crossbred pigs averaging 9.9 
pounds and 16.9 days of age were used in this experiment. The animals 
were randomly allotted to randomized block design for the four experimental 
rations with three replications and four pigs per pen. The experiment was 
conducted in Unit C at the Swine Research Farm. 
The rations fed were of a com and soybean meal type and were formulated 
to supply 14 per cent protein in the complete ration. It is essentially the 
same diet as was fed in Experiment 1146, but here there was a supplement of 
0.2 per cent DL-methionine to all diets. The dietary treatments were, a 
basal ration, a basal plus 0.2 per cent L-lysine HC1, a basal plus 1 
per cent potassium acetate and a basal plus both 1 per cent potassium 
acetate and 0.2 per cent L-lysine. 
Blood samples were collected at the end of a 35-day feeding period when 
the average weight of the pigs was 30.8 pounds. The plasma was treated as 
in previous experiments. The blood cells were hemolyzed with an equal 
volume of water and then treated as the plasma samples. 
Results and discussion The diet as formulated was very low in both 
methionine and lysine. It was decided to add methionine to all ration 
treatments for this reason. 
118 
Table 43. Experiment 1173 - Summary of blood sodim and potassiun values 
Ration 
Lysine added 
K acetate added 
1 
0 
0 
2 
0.2% 
0 
3 
0 
1% 
4 
0.2% 
1% 
Replication 
Plasma potassium (meq/1.) 
1 5.2 5.9 6.1 6.7 
2 6.1 6.4 6.9 6.9 
3 6.4 6.7 6.5 7.0 
Ave. (5.9) (6.3) (6.5) (6.9) 
Plasma sodium (meq/1.) 
1 155 149 141 149 
2 149 149 141 121 
3 149 158 115 146 
Ave. (151) (152) (132) (139) 
Red cell potassium (meq/1.) 
1 116 122 129 139 
2 119 118 121 119 
3 118 120 121 120 
Ave. (117) (120) (124) (126) 
Red cell sodium (meq/1.) 
1 49 56 53 56 
2 46 44 49 50 
3 44 45 48 46 
Ave. (46) (48) (50) (51) 
Figure 10. Experiment 1173 - Effect of lysine and potassium supplementation 
on the plasma sodium and potassium content of baby pigs 
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Table 44. Experiment 1173 - Summary of gain and feed required per pound 
of gain 
Ration 12 3 4 
Lysine added 0 0.2% 0 0.2% 
K acetate added 0 0 1% 1% 
Replication 
Gain (pounds) 
1 19.50 24.95 19.85 20.75 
2 20.65 18.52 16.50 22.02 
3 20.92 21.82 21.78 22.52 
Ave. (20.36) (21.76) (19.38) (21.76) 
Feed/gain 
1 2.22 1.95 2.10 2.09 
2 2.24 2.22 2.26 1.95 
3 2.27 2.16 2.31 2.08 
Ave. (2.24) (2.11) (2.22) (2.04) 
Table 45. Experiment 1173 - Analysis of variance plan and observed mean 
squares for gain, feed required per pound of gain and plasma 
potassium 
Mean squares 
Source of variation d. f. Gain F/G Potassium 
Replication 2 6.0646 0.0138 0.55* 
Treatment 3 4.0775 0.0277 0.48* 
K versus no K 1 0.7203 0.0061, 0.96° 
Lysine versus no lysine 1 10.7920 0.0752° 0.48* 
Lysine xK 1 0.7203 0.0019 0.01 
Error 6 4.2710 0.0084 0.06 
Total 11 4.5444 0.0146 0.27 
a 
Statistical significance at P = 0.01 or less. 
b 
Statistical significance at P » 0.05 or less. 
Figure 11. Experiment 1173 - Effect of lysine and potassium supplementation 
on the weight gains and efficiency of feed conversion of baby 
Pigs 
123 
gain 
lb. 
lysine % 0 
k acetate % 0 
f/g 
lb. 
\ 
\ 
\ 
124 
The weight gains of the pigs are shown in Table 44 and Figure 11. 
Although the ration contained only 14 per cent protein there was good growth 
of the pigs. There was some benefit from the lysine additions as indicated 
in the data presented in Table 45, but the effect was not significant. As 
with Experiment 1146 the supplementation of the ration with 1 per cent 
potassium acetate did not improve the growth of the pigs in the presence 
or absence of lysine. The efficiency of feed utilization is shown in the 
same table and is found to be significantly improved by the addition of 
lysine to the rations. The addition of potassium to the diets also improved 
the efficiency of feed utilization, but the effect was not found to be 
significant. 
The potassium content of the plasma is shown in Table 43 and Figure 10. 
The potassium additions significantly increased the plasma potassium level. 
The addition of lysine to the rations also increased the potassium content 
and the reason for this is not well understood. 
The sodium content of the plasma was reduced by the potassium additions 
to the rations and was increased by the lysine additions. The potassium 
effect was much larger. 
The potassium content of the erythrocytes was also increased as the 
potassium intake was increased, but the difference was relatively small. 
The sodium content of the erythrocytes was not influenced by the imposed 
ration treatments. The erythrocyte sodium values were higher than those 
reported by Hannan (1959) and part of this difference may be explained by 
some of the plasma remaining with the erythrocytes, but this may not be the 
only explanation. 
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The free amino acid content of the plasma as measured in this experi­
ment is shown in Table 46. The addition of lysine to the rations caused 
a large increase in the plasma level of this amino acid while the addition 
of potassium to the rations of the pigs reduced the plasma level of this 
amino acid. The addition of lysine to the ration also caused a small 
increase in the plasma content of histidine, ornithine, arginine and 
phenylalanine and tyrosine. The histidine, arginine and ornithine values 
were decreased by the supplementation of the rations with potassium. The 
statistical analysis in Table 48 shows that the only significant difference 
was the reduction of lysine and histidine by the potassium additions to the 
diets. 
The free amino acid content of the red blood cell is summarized in 
Table 47. It was observed that the values were of a similar magnitude to 
those found in the plasma. The addition of potassium to the rations 
significantly reduced the free lysine content of the red blood cells. 
There is also a slight reduction of histidine. No changes were found in 
the arginine and ornithine values. The values for arginine in the cells 
were very low in all cases — much lower than those found in the plasma. 
The supplementation of the rations with lysine increased the free 
lysine content of the blood cells to a small extent and reduced the 
phenylalanine and tyrosine values. There was no effect on histidine, 
arginine and ornithine. 
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Table 46. Experiment 1173 - Summary of plasma free basic amino acids 
(vMoles/100 ml.) 
Ration 1 2 3 4 
Lysine added 0 0.2% 0 0.2% 
K acetate added 0 0 1% 1% 
Replication 
Lysine 
1 10.0 53.8 7.5 30.2 
2 20.0 33.5 9.3 19.5 
3 11.3 47.4 6.1 28.2 
Ave. (13.6) (44.9) (7.6) (25.9) 
Histidine 
1 12.7 26.8 13.7 17.8 
2 30.1 24.6 14.2 15.5 
3 17.9 30.1 16.0 15.4 
Ave. (20.2) (27.2) (14.6) (16.2) 
Arginine 
1 14.6 33.8 14.2 26.1 
2 36.6 22.8 17.4 17.8 
3 18.4 33.4 16.0 19.3 
Ave. (23.2) (30.4) (15.9) (21.1) 
Ornithine 
1 14.2 28.9 8.1 28.0 
2 35.4 21.8 14.4 17.5 
3 19.1 30.1 18.0 17.3 
Ave. (22.9) (27.1) (13.5) (20.9) 
Phenylalanine and tyrosine 
1 25.4 44.3 29.3 33.8 
2 55.0 30.4 23.2 24.5 
3 34.8 47.0 28.8 31.9 
Ave. (38.4) (40.6) (27.1) (30.0) 
Total basic amino acids 
1 51.5 143.3 43.5 102.1 
2 122.1 103.8 55.3 70.3 
3 66.7 141.3 56.1 80.2 
Ave. (80.1) (129.5) (51.6) (84.2) 
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Table 47. Experiment 1173 - Sunmary of free amino acids of the blood cells 
(pMoles/100 ml.) 
Ration 
Lysine added 
K acetate added 
Replication 
1 
0 
0 
2 
0.2% 
0 
3 
0 
1% 
4 
0.2% 
1% 
Lysine 
1 
2 
3 
Ave. 
1 
2 
3 
Ave. 
1 
2 
3 
Ave. 
1 
2 
3 
Ave. 
1 
2 
3 
Ave. 
Ave. 
40.4 
26.8 
26.6 
(31.3) 
20.2 
10.6 
7.4 
(12.7) 
7.6 
(2.5) 
34.0 
23.8 
28.5 
(28.8) 
34.9 
21.6 
25.9 
(27.5) 
75.3 
43.2 
27.9 
35.6 
(35.6) 
25.7 
25.3 
24.4 
(25.1) 
Histidine 
19.2 11.9 
10.2 6.9 
9.2 11.6 
(12.9) (10.1) 
Arginine 
2.0 
2.3 
7.4 
(....) (3.9) 
Ornithine 
24.1 
14.0 
24.4 
(21.2) 
29.6 
24.0 
22.2] 
(25.4) 
Phenylalanine and tyrosine 
28.9 
11.7 
19.7 
(20.1) 
24.5 
23.4 
17.8 
(21.9) 
Total basic amino acids 
69.7 64.5 
27.2 
25.8 
28.8 
(27.3) 
8.5 
16.0 
12.2 
(12.2) 
10.6 
16.5 
(9.0) 
21.5 
25.8 
27.2 
(24.8) 
11.0 
13.4 
15.9 
(13.4) 
81.9 
Table 48. Experiment 1173 - Analysis of variance plan and observed mean squares for plasma free 
basic amino acids 
Mean squares 
Histi- Argi- Orni- Phenylalanine 
Source of variation d. f. Lysine dine nine thine and tyrosine 
Replication 2 23.14 11.46 5.23 6.16 7.44 
Treatment 3 809.78* 140.48. 108.48 96.23 125.82 
K versus no K 1 471.25° 205.01* 207.50 180.19 357.52 
Lysine versus no lysine 1 1835.21 54.61 114.70 100.34 19.51 
Lysine x K 1 122.89 21.34 2,90 8.17 0.44 
Error 6 49.69 26.43 62.20 66.90 112.03 
Total 11 252.16 42.04 64.43 63.86 96.78 
a 
Statistical significance at P = 0.01 or less. 
^Statistical significance at P « 0.05 or less. 
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Table 49. Experiment 1173 - Analysis of variance plan and observed mean 
squares for free amino acids of the blood cells 
Mean squares 
Source of variation d. f. Lysine Histidine Ornithine 
Replication 2 61.66 26.94 30.78 
Treatment 3 63.66 4.83 31.76 
K versus no K 1 156.24* 7.84 0.33 
Lysine versus no lysine 1 31.04 3.74 53.61 
Lysine x K 1 3.52 2.90 41.34 
Error 6 20.71 23.23 17.53 
Total 11 39.85 18.89 23.82 
Statistical significance at P = 0.05 or less. 
Experiment 6306 - Potassium and lysine supplementation of high and low 
protein diets 
Objective This experiment was designed to study the effects of 
I 
lysine and potassium supplementation of baby pig rations during states of 
protein deficiency and during recovery from this state. Corn diets, low 
in their lysine content, were used in this study and growth and blood 
measurements were made. 
Experimental procedure Twenty-five crossbred pigs averaging 11.2 
pounds and 21.4 days of age were used in this experiment. All animals were 
randomly allotted within littermates to a randomized block design. There 
were five experimental rations and five replicates of one pig per pen. The 
experiment was conducted in Unit E at the Swine Research Farm. 
The diets fed during the first three weeks consisted of 86 per cent 
com with added vitamins and minerals, resulting in a complete diet containing 
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7.6 per cent protein. The composition of the diet is shown in Table 50. 
This diet was supplemented with 1 per cent potassium acetate, 0.3 per cent 
L-lysine or both of these substances. The fifth treatment was a positive 
control which was an 18 per cent protein com and soybean meal ration. 
After three weeks of feeding these diets all pigs were fed a diet containing 
18 per cent protein, which was composed of com and soybean meal. This was 
fed for a further three weeks. The lysine and potassium acetate treatments 
were continued. All diets of the same protein content were made iso-
nitrogenous with ammonium citrate. 
Blood samples were collected from the vena cava after three and six 
weeks of feeding the experimental rations. Individual sodium, potassium 
and protein analyses were made, but blood samples were pooled from pigs 
on the same treatment for the amino acid analysis. 
Results and discussion The protein content of the ration usually 
recommended for the baby pig is 20 per cent of the complete ration. Even 
with the very low protein levels fed in this experiment, 7.6 per cent of 
the diet, some growth was made by the pigs, and this is shown in Table 52 
and Figure 12. This ration was low in its lysine content when calculated 
on the basis considered by Hays (1961), Table 50. The addition of lysine 
to the low protein rations caused improved growth and improvement in the 
efficiency of feed utilization as is shown in Table 52. A similar response 
was found from the addition of 1 per cent potassium acetate to the diets. 
However, if both lysine and potassium were added to the diets then there 
was little improvement in growth over the basal ration, but the benefit 
in the efficiency of feed utilization remained. The four low protein 
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Table 50. Experiment 6306 - The composition of the experimental diets 
Ration 
Ingredient 1 2 
Ground yellow com 86.3 61.4 
Solvent soybean meal (50%) .... 25.2 
Sucrose 8.0 8.0 
Stabilized lard 2.0 2.0 
Dicalcium phosphate 1.5 1.1 
Calcium carbonate 0.8 0.9 
Iodized salt 0.5 0.5 
Vitamin-antibiotic premixa 0.7 0.7 
Trace mineral pranix" 0.2 0.2 
Total 100.0 100.0 
Composition of pranix is given in Table 51. 
^Composition of premix is given in Table 5. 
Table 51. Experiment 6306 - Composition of vitamin-antibiotic premix 
Amount added 
Vitamin Potency Ration 1 Ration 2 Units 
Vitamin A 20,000 I.U./g. 2140 2400 I.U./lb 
Vitamin D 145,000 I.U./g. 500 500 I.U./lb 
Riboflavin 4 g./lb. 5.2 4.8 mg./lb. 
Calcium pantothenate 8 g./lb. 10.4 9.6 mg./lb. 
Niacin 18 g./lb. 23.4 21.6 mg./lb. 
Vitamin 20 mg./lb. 20.0 20.0 mcg./lb 
Chlortet racycline 10 g./lb. 50.0 50.0 mg./lb. 
Choline 70 % 330 450 mg./lb. 
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Table 52. Experiment 6306 - Calculated analysis of the complete 
experimental rations 
Ration N.R.C. requirement 
Ingredient 1 2 
7.6% 
protein 
18% 
protein 
Protein % 7.6 18.0 20.0 20.0 
Fat % 5.3 4.4 2.5 2.5 
Fiber % 2.2 2.2 
Calcium % 0.71 0.7 0.7 0.7 
Phosphorus % 0.49 0.5 0.5 0.5 
Vitamin A I.U./lb. 3000 3000 3000 3000 
Vitamin D I.U./lb. 500 500 500 500 
Riboflavin mg./lb. 5.6 5.4 5 5 
Pantothenic acid mg./lb. 12.5 12.6 10 10 
Niacin mg./lb. 31.9 30.0 30 30 
Choline mg./lb. 500 450 500 500 
Vitamin meg./lb. 20- 20 10 10 
Potassium % 0.28 0.68 0.25 0.25 
Sodium % 0.22 0.22 0.20 0.20 
Lysine % 0.23 0.88 0.40 0.90 
Phenylalanine % 0.75 1.55 0.20 0.40 
and tyrosine 
Histidine % 0.19 0.41 0.12 0.37 
Methionine % 0.15 0.25 0.27 0.59 
Arginine % 0.32 1.09 0.15 0.32 
ration treatments are readily compared to the positive control which 
produced weight gains in the pigs of the expected, order of magnitude. The 
only statistical difference is the better growth obtained, with pigs fed the 
18 per cent protein rations. This data is shown in Table 53. 
From three to six weeks of age all pigs were fed 18 per cent protein 
rations and the lysine and potassium supplements were continued. There was 
a much greater response from the lysine and potassium additions during this 
period of growth than during the first experimental period, Figure 13. The 
results are not significant, Table 53. There were few pigs used in this 
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Table 53. Experiment 6306 - Sunmary of the weight gains and the feed 
required per pound of gain 
Protein change % 7.6-18 7.6-18 7.6-18 7.6-18 18-18 
K acetate added % .. .. 1 1 .. 
Lysine added % .. 0.3 .. 0.3 
Replication 
Three-week gain (pounds) 
1 2.0 3.0 2.6 2.5 7.5 
2 1.1 2.1 2.2 0.9 10.1 
3 2.8 3.1 2.4 2.1 9.6 
4 0.9 2.5 3.1 2.1 7.9 
5 1.6 2.5 1.5 1.5 12.1 
Ave. (1.7) (2.6) (2.4) (1.8) (9.4) 
Three-week feed/gain 
1 6.35 5.53 5.31 4.32 2.72 
2 12.18 7.62 8.00 14.44 2.50 
3 6.07 5.94 5.92 6.33 2.76 
4 14.33 5.92 7.16 6.48 2.73 
5 10.06 8.24 8.33 12.40 2.27 
Ave. (9.80) (6.65) (6.79) (8.79) (2.60) 
Three-to six-week gain (pounds) 
1 25.6 26.8 26.6 26.3 28.1 
2 18.4 28.1 29.1 26.5 34.5 
3 26.7 26.7 28.0 25.4 28.9 
4 26.5 28.3 30.3 26.2 26.7 
5 20.8 25.1 26.6 26.8 31.0 
Ave. (23.6) (27.0) (28.1) (26.2) (29.8) 
Three- to six-week feed/gain 
1 1.58 1.66 1.60 1.60 1.79 
2 1.76 1.63 1.59 1.75 1.73 
3 1.59 1.65 1.67 1.60 1.77 
4 1.57 1.54 1.64 1.47 1.80 
5 2.07 1.76 1.64 1.57 2.03 
Ave. (1.71) (1.65) (1.63) (1.60) (1.82: 
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Table 53. (Continued) 
Protein change % 7.6-18 7.6-18 7.6-18 7.6-18 18-18 
K acetate added % 1 1 
Lysine added % 0.3 0.3 
Replication 
Total gain (pounds) 
1 27.6 29.8 29.2 28.8 35.6 
2 19.5 30.2 31.3 27.4 44.6 
3 29.5 29.8 30.4 27.5 38.5 
4 27.4 30.8 33.4 28.3 34.6 
5 22.4 27.6 28.1 28.3 43.1 
Ave. (25.3) (29.6) (30.5) (28.1) (39.3) 
Total feed/gain 
1 1.92 2.05 1.93 1.83 1.99 
2 2.35 2.05 2.04 2.17 1.91 
3 2.01 2.09 2.01 1.96 2.02 
4 1.99 1.89 2.16 1.84 2.01 
5 2.64 2.34 1.99 2.14 2.10 
Ave (2.18) (2.08) (2.03) (1.99) (2.01) 
experiment, only five per treatment. The response to lysine and potassium 
was similar, in general, for the weight gains and the efficiency of feed 
utilization. The pigs fed the rations containing 18 per cent protein 
throughout the experimental period gained significantly more in this part 
of the experiment. This is shown in Table 53. A significant lysine-
potassium interaction is also indicated. 
It is interesting to note that during the second experimental period 
the pigs fed the 18 per cent protein rations throughout the experiment 
required significantly more feed per pound of gain than the pigs which had 
been previously fed the low protein rations. This suggests that during 
Table 54. Experiment 6306 - Analysis of variance plan and observed mean square for weight gain and 
feed required per pound of gain 
Mean squares 
Three-week Three-week Three- to six- Three-to six- Six-week Six-week 
Source of variation d. f. gain F/G week gain week F/G gain F/G 
Replication 4 0.52 15.8309 
Treatment 4 54.28* 38.1982° 
18% vs. 7.6% 1 214.04* 118.8318° 
Lysine vs. none 1 0.22 2.1060 
K vs. none 1 0.06 0.6301 
K x lysine 1 2.78 31.2251 
Error 16 1.09 4.8628 
Total 24 9.86 12.2467 
1.83 0.0320 1.27 0.0712a 
26.81^ 0.0404 138.77° 0.0308 
51.84" 0.1253b 476.55b 0.0164 
2.89 0.0115 4.70 0.0231 
17.67 0.0231 16.38 0.0793* 
34.85* 0.0017 57.46* 0.0046 
6.53 0.0113 10.44 0.0216 
9.13 0.0196 30.30 0.0314 
^Statistical significance of P » 0.05 or less. 
^Statistical significance of P • 0.01 or less. 
Figure 12. Experiment 6306 - Summary of the weight gains and efficiency 
of feed conversion after three weeks of feeding the experi­
mental rations 
137 
gain 
lb. 
protein % 
k acetate % 
lysine % 
f/g 
lb. 
L 
'L 
Figure 13. Experiment 6306 - Summary of the weight gains and the 
efficiency of feed conversion from three to six weeks 
and after six weeks of feeding the experimental rations 
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recovery from protein deficiency state pigs are more efficient in their 
utilization of feed than pigs maintained at adequate protein levels. 
The weight gain over the entire six-week period was significantly 
higher in the pigs fed the 18 per cent protein rations throughout, but 
the basal ration was improved by the addition of lysine and potassium 
to the rations. Potassium is essential for protein formation (Cannon 
1955)) and the potassium requirement may be increased in low protein 
states through increased utilization instead of the basic amino acids acting 
as cations in the tissues. The potassium requirement may also be increased 
during stages of rapid growth to maintain the electrolyte balance of the 
body. 
The sodium and potassium content of the plasma after three and six 
weeks of feeding the experimental rations is summarized in Table 54. The 
level of sodium in the plasma was not altered by the protein level, 
potassium addition or lysine addition to the diet. There was a tendency 
for the sodium content to increase with the age of the animal. 
The addition of potassium to the diets increased the potassium content 
of the plasma after the animals had received the rations for three and six 
weeks, but the analysis in Table 56 shows that this is not significant. 
The lysine additions reduced the potassium contait of the plasma while 
the protein level changes did not influence the results obtained. 
The protein content of the plasma is shown in Table 55. The most 
marked effect after three weeks was that the supplementation of the ration 
with lysine significantly increased the plasma protein content. This may 
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be an indication of greater protein synthesis in the presence of sufficient 
lysine. After six weeks of feeding the experimental rations the addition 
of lysine to the diets no longer produced this effect, but the addition of 
potassium to the rations reduced the plasma protein levels. 
In Table 57 a sunmary of the free basic amino acids in the plasma is 
presented. Considering the lysine content in the plasma after three weeks 
of feeding the low protein rations it will be noticed that the lysine 
content of the plasma of the pigs fed the basal ration was very low. Further 
reduction of this value was found by supplementing the ration with potassium. 
The 0.3 per cent lysine addition to the rations increased the lysine content 
of the plasma three fold, as might be expected considering the results 
reported by Hier (1947). The addition of potassium to the diet reduced the 
lysine level of the plasma below that found in the absence of added lysine. 
The large increase in the lysine of the plasma with lysine supplementation 
of the ration may be partially explained by an inability of the pig to 
utilize all of the added lysine which is then accumulated. The addition 
of 0.3 per cent lysine to the rations brings the lysine content of the 
ration above the requirement for a 7.6 per cent protein diet. 
The supplementation of the basal ration with lysine or potassium did 
not affect the ornithine or phenylalanine and tyrosine levels of the plasma. 
The potassium additions did reduce the histidine and arginine contait of 
the plasma which could be explained by the cation balance theory of Eckel 
(1958a). The total basic amino acid level also showed a decrease with the 
addition of potassium to the rations. 
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When the 18 per cent protein control ration was compared with the 
other four rations it was shown that with the increase in protein content 
of the diet there was an increase in the free basic amino acids in the 
plasma. This was previously noted by Ritchey and Richardson (1959). 
These workers found only small increases in the lysine content of the 
plasma, as was shown here. Olsen (1959) found definite increases in 
the lysine content of the plasma. The 18 per cent protein ration fed 
here was low in its lysine content and thus the low level in the plasma 
may be a reflection of large utilization of the available lysine. 
After six weeks of feeding the experimental rations the free, basic 
# 
amino acids of the plasma showed increased levels due to both increased 
protein content of the ration and increased age of the pigs. The addition 
of lysine to the rations again increased the lysine content of the plasma 
but did not affect the plasma content of any of the other amino acids 
measured. The addition of potassium to the rations decreased the plasma 
values for all basic amino acids and is presented in the total basic 
amino acid summaries. The pigs fed the 18 per cent protein rations 
throughout the experiment had slightly higher blood amino acid levels 
than the pigs fed 7.6 per cent protein rations during the first three 
weeks of the experiment. 
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Table 55. Experiment 6306 - Sunmary of sodium and potassium content 
of the plasma (meq/1.) 
Protein change % 
K acetate added % 
Lysine added % 
Replication 
7.6-18 7.6-18 7.6-18 
1 
0.3 
7.6-18 
1 
0.3 
18-18 
Three-week sodium 
1 129 110 123 160 116 
2 129 135 135 98 123 
3 142 142 135 135 135 
4 142 123 129 110 135 
5 148 110 142 129 142 
Ave. (138) (124) (133) (126) (130) 
Six-week sodium 
1 144 125 119 125 150 
2 144 150 156 162 156 
3 125 138 156 174 125 
4 168 156 132 138 150 
5 150 100 150 125 144 
Ave. (146) (134) (143) (145) (145) 
Three-week potassium 
1 6.8 7.8 7.8 7.7 8.0 
2 9.1 8.0 9.7 10.5 7.5 
3 8.0 8.5 6.3 9.1 8.0 
4 9.7 7.0 9.7 8.0 7.5 
5 7.2 7.1 8.5 8.0 9.4 
Ave. (8.2) (7.7) (8.5) (8.5) (8.1) 
Six-week potassium 
1 8.0 6.8 7.0 7.8 7.7 
2 8.0 7.5 8.8 9.7 9.9 
3 9.1 9.1 7.8 7.5 7.5 
4 8.0 7.7 7.8 8.2 7.8 
5 7.6 8.5 10.5 9.1 8.0 
Ave. (8.1) (7.9) (8.4) (8.5) (8.2) 
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Table 56. Experiment 6306 - Summary of the protein content of the 
plasma (per cent) 
Protein change % 7.6-18 7.6-18 7.6-18 7.6-18 18-18 
K acetate added % .. .. 1 1 
Lysine added i .. 0.3 .. 0.3 
Replication 
Three-week 
1 6.31 6.32 5.54 8.07 6.47 
2 6.13 7.01 6.35 6.49 7.17 
3 6.08 7.10 7.19 7.57 6.22 
4 6.02 5.72 6.61 7.26 8.93 
5 5.44 6.45 5.39 6.26 6.07 
Ave. (5.98) (6.52) (6.22) (7.13) (6.97) 
Six-week 
1 6.94 5.78 6.01 6.35 7.07 
2 6.64 6.53 5.42 5.39 6.38 
3 5.93 6.67 5.31 5.24 7.82 
4 5.49 5.41 5.54 5.32 5.78 
5 4.58 5.11 6.37 5.72 6.24 
Ave. (5.92) (5.90) (5.73) (5.60) (6.66) 
Table 57. Experiment 6306 - Analysis of variance plan and observed mean squares for plasma protein 
and potassium 
Source of variation d. , f. 
Mean squares 
Three-week K Six-week K 
Three-week 
Protein 
Six-week 
protein 
Replication 4 1.28 1.58 0.7589 0.7740 
Treatment 4 0.70 0.22 1.1406 0.8404 
18% versus 7.6% 1 0.08 0.01 1.0262, 3.0311* 
Lysine versus none 1 0.06 0.02 2.5848° 0.0252 
K versus none 1 1.86 0.76 0.8611 0.2904 
K x lysine 1 0.69 0.11 0.0910 0.0151 
Error 16 1.16 0.79 0.5491 0.4050 
Total 24 1.10 0.83 0.6826 0.5390 
^Statistical significance of P » 0.01 or less, 
b 
Statistical significance of P » 0.05 or less. 
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Table 58. Experiment 6306 - Summary of plasma free basic amino acids 
(pMoles/100 ml.) 
Protein change % 
K acetate added % 
Lysine added % 
Amino acid 
7.6-18 7.6-18 
0.3 
7.6-18 
1 
7.6-18 
1 
0.3 
18-18 
Three-week 
Lysine 8.1 25.3 7.7 22.6 12.6 
Ornithine 12.9 17.9 13.7 10.0 20.0 
Histidine 14.6 17.7 15.4 12.6 26.1 
Arginine 12.9 18.2 11.1 10.1 20.5 
Phenylalanine and 
tyrosine 29.6 27.1 30.2 22.4 42.5 
Total B.A.A. 48.5 79.1 47.9 55.3 79.2 
Six-week 
Lysine 20.7 55.1 19.4 33.9 30.4 
Ornithine 21.4 26.3 19.3 18.6 22.7 
Histidine 21.5 24.5 22.4 17.4 25.7 
Arginine 30.6 31.9 21.8 28.5 35.5 
Phenylalanine and 
tyrosine 37.1 40.2 38.1 31.0 43.0 
Total B.A.A. 94.2 137.8 82.9 98.4 114.3 
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GENERAL DISCUSSION 
The Rations 
Soybean meal is a major protein source in livestock feeding. In this 
country, it is usually fed with corn as the major source of energy in the 
ration, and corn itself has a protein content of approximately 8.8 per cent. 
In addition to considering the protein level of a ration, the amino acid 
content must be considered in relation to the requirement of the animal, but 
it must be remembered that this requirement changes with the protein content 
of the ration and the age of the animal as discussed by Hays (1961). The 
protein of corn is not balanced with respect to the amino acid content as 
related to the amino acid requirement of the pig as the lysine content of 
com is below the pig's requirement for this amino acid. On the other hand, 
soybean meal has a methionine contait which is not adequate for the baby 
pig. If com and soybean meal are used together as the main components of 
swine rations, then the rations low in their protein content do not meet 
the lysine requirements of the pig, and the rations high in their protein 
content do not meet the methionine requirements of the baby pig. 
Consideration must also be given to the availability of the amino 
acids. Casein protein has an excellent amino acid balance for the baby 
pig. The amino acid balance of the soybean meal is less favorable and pigs 
fed this source of protein usually grow at slower rates than pigs fed 
casein rations. Fish meal is a protein source with a well-balanced amino 
acid composition, but if it is used as the protein source in the rations 
of pigs thai poor growth is obtained. Many reasons such as unavailability 
and unpalatability can be postulated as causing this effect. 
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The potassium content of soybean meal is 1.8 per cent and the potassium 
content of corn is 0.34 per cent, Meyer et al. (1950b). As the ratio of 
corn to soybean meal in the diet is altered there is a corresponding 
variation in the potassium content. Casein and fish meal have a lower 
potassium contait than soybean meal and diets containing these sources of 
protein contain less potassium than soybean meal rations, as was the case 
in Experiment 1160. 
In the kwashiorkor studies of Senecal (1958), Metcoff et al. (1957), 
and Barness (1961) wheat was used as the protein source and this contains 
less lysine than the requirement of the children to which these rations 
were fed. Lysine supplementation could not improve the growth of the 
children unless it was added with potassium, even though these rations 
contained more than the potassium requirement of the children. Barness 
(1961) concluded that wheat protein compared favorably with milk as a 
source of protein if it is supplemented with lysine and potassium. 
In the experiments of this study potassium was supplemented to the 
diets of the pigs as potassium acetate, although it would also have been 
suitable to use potassium citrate. Haiman (1959) found a reduction in the 
growth of pigs when diets were supplemented with potassium carbonate, and 
the results of earlier reports have indicated that large amounts of potassium 
chloride in the diets may be toxic for some animal species. 
The Performance of the Pigs 
The response of pigs to potassium supplementation as measured in these 
experiments, although positive, was both slight and variable and depended, 
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to some extent, on the protein content of the diet. In Experiments 1127 
and 1132 a greater growth response to potassium supplementation was 
obtained with the 16 per cent protein rations supplemented with 2 per cent 
potassium acetate than with those diets containing 20 and 24 per cent 
protein. The potassium supplementation also increased the growth rate in 
the pigs fed the 14 per cent protein rations but not in the pigs fed the 
24 per cent protein rations in Experiment 1146. The high level of 
potassium supplementation to soybean meal rations for baby pigs was of 
slight benefit if the rations fed were low in their protein content, but 
in no case was the growth improved to that obtained with the feeding of 
higher protein levels. In a similar study, Zaleski and Harris (1961) 
could not obtain % growth response in rats fed diets which contained 8 
per cent protein from wheat supplemented with potassium as well as lysine. 
Gershoff et al. (1959), using rats, reported a slight growth stimulating 
effect from the supplementation of potassium to a 15 per cent protein wheat 
ration. This diet was low in its lysine contait and the addition of lysine 
significantly increased the growth of the rats. In the experiments of this 
study, the growth of pigs fed com and soybean meal rations could not be 
improved, indicating that the relatively high level of potassium naturally 
present in the rations was sufficient for the utilization of all the amino 
acids present as suggested from the work of Cannon (1955). 
The growth of pigs with regard to the potassium supplementation 
indicates that the results in these experiments after two or four weeks of 
feeding the experimental rations are quite similar. These results differ 
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from those reported by Eckel et al. (1958a) who showed that tissue lysine 
levels were higher after two weeks of feeding potassium deficient diets 
to rats than after four weeks of feeding these rations. 
The level of potassium supplementation in these trials was such that 
0.8 per cent potassium was added to all rations including the 24 per cent 
protein rations which already contained 1 per cent potassium making the 
total potassium content of the ration 1.8 per cent. No reduction in the 
growth of the animals fed these rations was observed. Grunert et al. (1950) 
reported that 1 per cent potassium was toxic to rats but this may be 
dependent on the magnesium content of the ration, Roine et al. (1949). 
The soybean meal rations containing 14 per cent protein contained 
only 0.6 per cent lysine which is below the baby pig requirement for this 
amino acid. The addition of lysine to the rations improved the growth rates, 
as was to be expected, but there was also improved growth in the pigs by the 
addition of lysine to the 24 per cent protein rations already containing 
1.24 per cent lysine. One explanation which can be given for these results 
is an effect of the difference in the availability of the lysine. 
Carpenter et al. (1960) found differences in the availability of lysine in 
plant protein sources. The lack of a significant growth response from 
lysine supplementation of the 14 per cent protein rations of Experiment 
1173 is not clear, but the efficiency of feed utilization was significantly 
improved. In this experiment methionine was also added to all rations and 
there is a possibility of an amino acid imbalance making it impossible for 
the pigs to obtain full benefit from the lysine supplementation. 
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Increasing the level of protein from 14 to 24 per cent of the ration 
increased the growth rates of the pigs in a linear fashion. This indicates 
that the 20 per cent usually quoted as the requirement of the baby pig, 
may not be an optimum level but simply an evaluation on an economic basis. 
The improved growth rates with increasing protein content of the diet were 
observed both after two or four weeks of feeding the experimental rations. 
In all these studies soybean meal was the source of protein, and if a 
protein source with a better amino acid balance, such as casein, had been 
used it might be assumed that the protein requirement would have been lower 
than that found in this work. 
The efficiency of feed utilization in all cases responded to the 
imposed ration treatments in a manner similar to that of the growth rates. 
The further observation in this regard is that the benefit to the pigs of 
potassium supplementation of the rations is shown to a greater extent in the 
efficiency of feed utilization than in the growth rates. The rations 
containing 1 and 2 per cent potassium acetate were deliquescent and had a 
characteristic acetate odor which may reduce the palatability of the rations 
masking some of the benefit to the pigs. 
The feeding of different protein sources to the pigs resulted in 
different growth rates, as was to be expected. Poor growth was obtained by 
the feeding of fish meal as the protein source and this has been previously 
reported. The reason for this is not known but many theories may be postu­
lated and should be tested with further research. Certain foreign sources 
of fish meal do promote good growth and this difference may be the result 
of a difference in the processing although there could also be a difference 
152 
in the composition of the fish. The high temperatures used during the 
processing of the fish meal could decrease the biological value of the 
nutrients by causing a breakdown of some of the compounds, such as lysine. 
The mineral content of fish meal is high, but some of this may be bound in 
such a way that it is unavailable to the pigs and in that case the poor 
growth would be attributed to a mineral deficiency rather than an excess. 
This is much more likely with raw than cooked fish meal. The palatability 
of the fish meal may be a factor causing unacceptability of the ration by 
the pig and hence poor performance. 
The Study of Potassium in the Body Tissues 
The potassium content of the plasma was found to be related to the 
potassium intake. In all experiments the supplementation of the basal 
rations of all protein levels with potassium acetate resulted in increased 
potassium levels of the plasma. In Experiment 1160 casein, fish meal, and 
soybean meal were used as protein sources. The soybean meal protein rations 
contained more potassium than the casein and fish meal rations, and these 
also resulted in a higher plasma potassium content of the pigs fed these 
rations. McCance and Widdowson (1958) gave newborn pigs potassium chloride 
by stomach tube and with this treatment increased the potassium concentration 
in the plasma of these pigs. Meyer et al. (1950c) fed white rats as much as 
5 per cent potassium bicarbonate and found that as the potassium intake of 
the rats increased there was also an increase of the potassium content of the 
plasma. Similar results were obtained in chicks by Burns (1953) with much 
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lower potassium levels, 0.13 to 0.77 per cent of the ration. However, 
there is much more work which reports that the level of potassium in the 
plasma cannot be altered by the imposed dietary treatments. 
In Hannan's (1959) study with pigs under similar conditions as in 
these trials, the addition of potassium to the rations did not increase 
the potassium content of the plasma. Similar data have been reported by 
Stone et al. (1961) in which the dietary levels of sodium and potassium 
did not affect the serum content of these minerals in rats. Changes in 
the dietary lysine intake cause changes in the composition of the muscle 
tissue with regard to the sodium and potassium content, but no similar 
changes were observed in the plasma concentrations in the work with chicks 
by Jones (1961). 
One explanation of these differences in results may be that the 
sodium is concentrated within the cell while potassium is concentrated in 
the extracellular fluid, and the cell can very efficiently differentiate 
between these two metals of similar chemical structure and function by an 
effect of the permeability of the cell membrane due to its electrical 
potential. The ultimate control of sodium and potassium balance in the 
body is brought about by hormones which act to maintain the homeostatic 
state. The main hormones involved are the mineral corticoids produced by 
the adrenal cortex with the kidney acting as the target organ. The mode 
of action is one of aiding the reabsorption of sodium and reducing the 
reabsorption of potassium by the kidney tubules. The antidiuretic hormone 
from the posterior pituitary gland has an indirect control of the sodium 
and potassium balance of the body. 
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It was demonstrated that the potassium content of the plasma increased 
with age, and this does not confirm the results of Hannan (1959). Small 
increases in the potassium content were found by Gardiner et al. (1953) 
but they did not approach the magnitude of the changes observed in these 
studies. Dickerson and Widdowson (1960) found that the potassium, nitrogen, 
phosphorus and magnesium content of skeletal muscle of the pig increased 
with development while the sodium, calcium and chloride actually decreased. 
The plasma content of potassium in the pigs of these studies varied 
from 5.3 to 8.3 milliequivalents per liter which is higher than the 
average value of 5.2 milliequivalents per liter reported by Hannan (1959). 
Higher values were reported by Gardiner et al. (1957) who found the varia­
tion in the potassium content of the plasma to be about the same as was 
found in these studies. The potassium content of the plasma of the pig is 
somewhat higher than that reported for other species and various reasons 
can be postulated for this difference. The balance of hormones in the pig 
may be slightly different or the permeability of the cell membrane to 
sodium and potassium may have minor species variations, even though the 
general relation of these minerals is maintained. 
Brandt et_ al. (1960) found that in potassium deficiency states there 
is a reduction in the plasma potassium content which is intensified as the 
potassium deficiency is prolonged. A similar observation was made in these 
studies. If the duration of feeding high potassium levels in the diets was 
increased from two to four weeks then the amount of potassium in the plasma 
was also increased. 
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In two cases, Experiments 1132 and 1155, the pigs fed the higher 
protein levels had the lower potassium contait in the plasma. This 
contradicts the results obtained in the kwashiorkor work (Senecal (1958)) 
where there were very low plasma potassium levels in protein deficient 
children. An explanation would be that the higher protein levels supplied 
more amino acids which act as cations in the plasma and hence a reduction 
of potassium or sodium is needed to maintain the cation balance. 
Much of the above discussion relating to hormone and cation balance 
also applies to the sodium content of the plasma. The plasma content of 
sodium was decreased by the addition of potassium to the rations, and the 
effect may be largely explained by cation balance. The bicarbonate, chloride 
and other anions in the plasma are believed to be maintained at a fairly 
constant level. This suggests that there are only a limited number of 
anionic binding sites for which the cations must compete. If lysine is 
added to the rations the amount of free lysine in the plasma is increased 
and free lysine acts as a cation at the pH of blood plasma. This lysine 
increase caused a further decrease in the sodium content of the plasma, 
in addition to that caused by the potassium and this data support the cation 
balance theory. 
An interesting observation which may be made is that the pigs fed the 
fish meal sources of protein in Experiment 1160 had a higher plasma content 
of sodium than the animals fed the other protein sources. No supplemental 
sodium chloride was added to this ration as the sodium content of the fish 
meal meets the requirement of the pig. The sodium content of the fish meal 
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used in this ration may be higher than that of the fish meal of Meyer 
et al* (1950b) and the higher sodium intake would result in higher sodium 
levels in the plasma as has been previously reported by Meyer et al. 
(1950c). 
The sodium content of the plasma did not change with age except in 
Experiment 6306 which is in agreement with the results reported by Hannan 
(1959), however, the values reported for the sodium content of plasma are 
higher than those found previously. The range in sodium content was from 
124 to 178 milliequivalents per liter with an average of 152 milliequivalents 
per liter compared to an average value of 144 milliequivalents per liter 
found by Hannan (1959) and similar values reported by Meyer et al. (1950c). 
Other cations such as magnesium, or calcium or both or a change in pH may 
aid in the explanation of such differences. 
The potassium content of skeletal muscle is related to potassium intake. 
Also as the concentration of potassium in the muscle increased, there was a 
corresponding reduction in the sodium content of this tissue. This applies 
both to the potassium added to the rations and to the potassium content of 
the different rations fed in Experiment 1160. The average values for the 
potassium content of the skeletal muscle was 81 milliequivalents per kilogram 
and for sodium 38 milliequivalents per kilogram. This is within the range 
reported by Meyer et al. (1950c) who reported similar cation changes in the 
rat muscle by altering the dietary sodium and potassium intake. Other reported 
values for the newborn pig by Dickerson and Widdowson (1960) indicated that 
the potassium increased and the sodium decreased in the skeletal muscle with 
increasing age of the animal. 
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The potassium and sodium contait of the kidney could not be altered 
by changing the potassium intake or the source of protein. This refers 
to the sodium and potassium content of the whole organ which is under the 
direct control of the hormones of the adrenal cortex. Darrow et al. (1953) 
found the electrolyte concentrations of the kidney were not affected by 
the dietary electrolyte intake^ but this is in contrast to the changes 
observed by Meyer et al. (1950c). 
In these studies the sodium and potassium concentrations of the liver 
were not affected by the amount of potassium in the rations. This is 
comparable to the observations of Meyer et al. (1950c) and Eckel (1958a). 
The liver is considered the most important organ of the body and this organ 
requires an optimum ratio of sodium to potassium at all times to maintain 
its normal operating powers. This homeostatic mechanism is made possible 
by either strict maintenance of the membrane potentials or hormone balance 
or both. 
The average sodium and potassium content of the kidney found here was 
37 and 72 milliequivalents per kilogram respectively, while the values for 
the liver were 31 and 76 milliequivalents per kilogram respectively. 
McCance and Widdowson (1958) found the potassium content of the liver of 
the newborn pig to be of a similar magnitude, but the values they reported 
for sodium were slightly higher. On the other hand, the work of Meyer 
et al. (1950c) in the study of rats indicated lower sodium and higher 
potassium values for the liver but exactly the reverse is true for the 
kidney. This may be attributed to small species differences. 
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The potassium concentration of the red blood cells was increased by 
the addition of potassium to the rations of the animals, but there was no 
effect on the sodium content of the red blood cells. Incomplete separa­
tion of the cells and the plasma would make some of the differences in the 
potassium concentration found in the red blood cells but would not account 
for all the differences observed in these experiments. It is possible 
that there may be more potassium available in the bones at the sites 
of the red blood cell formation, resulting in the higher potassium concentra­
tion in the cells, however, Stone et al. (1961) found that the sodium and 
potassium content of the bones was not altered. There may also be an 
uptake of potassium from the plasma to maintain osmotic and ionic balance 
resulting in an increased potassium content of the red blood cells as the 
potassium concentration in the plasma is increased with the addition of 
supplemental potassium to the diets of the pigs. 
Amino Acid Studies 
In the experiments reported here tyrosine, phenylalanine and the basic 
amino acids, histidine, lysine, arginine and ornithine were primarily 
considered, and increasing the protein content of the ration increased the 
plasma amino acid concentrations of these amino acids. 
In Experiment 1127 increasing the protein level from 16 to 20 per cent 
of the ration caused a larger increase of the free amino acids than 
increasing the protein level from 20 to 24 per cent of the ration. This 
difference may be an indication of better utilization of the protein at the 
24 per cent protein level than at the 20 per cent level. Olsen et al. (1959) 
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increased the protein content of chick rations from 15 to 30 per cent 
and increased the amino acid content of the plasma of all amino acids 
which do not have a double bond or ring structure, but in the study 
reported here histidine and arginine were increased by increasing the 
protein content of the ration. 
It is of interest that the protein level differences are more 
pronounced after two weeks than after four weeks of feeding the experi­
mental rations. This may mean that the animal develops better homeo-
static mechanisms with increasing age but does indicate the importance of 
feeding balanced rations to the young. 
The concentration of free amino acids in the plasma is greater at 
six weeks than at four weeks of age. This increasing amino acid content 
of the plasma with age has been previously noted in pigs by Puchal (1962) 
for the essential amino acids and is believed to be related to the growth 
of the animals. 
As potassium is added to the ration, increasing the plasma concentra­
tion of this element, there is a compensating decrease in the free basic 
amino acid content of the plasma. Arginine and lysine are reduced to a 
greater extent than histidine and ornithine but all are reduced to some 
extent. The addition of potassium to the rations did not alter the 
tyrosine and phenylalanine content of the plasma. The results of this 
study indicate that lysine is most markedly reduced by potassium additions 
to the diets. These results support the theory of Eckel et al. (1958a) 
who suggested that the observed changes were necessary to maintain cation 
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balance. These workers developed potassium deficiency conditions in the 
rat and found that the decrease in potassium in the plasma was accompanied 
by an increase in the basic amino acid levels. The reverse was found to 
be true in this study, where increasing the potassium content of the 
plasma was accompanied by decreased plasma basic amino acid levels. The 
different amino acids were reduced in amounts which are in direct relation­
ship to their pK values. Arginine and lysine, which have the highest pK 
values, were reduced the greatest extent. Histidine has an isoelectric 
point which is not much above the pH of blood plasma and probably only 
exists partially in the cationic form in the blood plasma and was only 
slightly reduced by the potassium additions to the rations. The cation 
balance theory of Eckel et al. (1958a) was based on only lysine studies. 
In Experiment 1155 the lysine content of the plasma was reduced to 
a larger extent by the addition of 1 per cent potassium acetate to the 
rations than by the addition of 2 per cent potassium acetate. This is in 
direct relation to the growth response and may result from the effect of 
the more rapidly growing pigs having the higher free amino acid levels in 
the plasma. Such a possibility must be considered in all studies of this 
type. It would be difficult to test for this as there are opposing 
effects in operation, such as the reduction with the potassium additions 
to the diets and the increase with improved growth due to the potassium. 
In addition, effects of protein source and level of protein fed are 
evident. 
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The addition of supplemental lysine to the rations resulted in 
increased lysine levels in the plasma. Increasing the protein level also 
increased the lysine intake of the animal, but in that case there was 
only a small rise in the free plasma lysine values while the addition 
of lysine in the pure form caused a large plasma lysine increase. This 
difference may be explained by the better utilization of the whole protein 
while the free lysine is more likely to be accumulated due to minor amino 
acid imbalances. This may be compared to the studies of Ritchey and 
Richardson (1959). 
It is interesting to observe that the addition of lysine to the 14 
per cent protein rations caused a larger increase in the free plasma lysine 
values than a similar addition of lysine to the 24 per cent protein rations. 
The low level of protein did not support very good growth of the pigs, and 
probably much of the lysine was not utilized. The lysine content of this 
ration was 0.6 per cent and 0.2 per cent lysine was added. The pigs fed 
the 24 per cent protein rations grew well and possibly used much of the 
lysine accounting for its lower level in the plasma. The 24 per cent 
protein ration itself contained 1.24 per cent lysine but much of this may 
have been unavailable. This difference would be accentuated if it could 
be assumed that the lysine of corn is more readily available for utiliza­
tion by the pig than the lysine of soybean meal. 
The addition of lysine caused no change in the arginine, histidine or 
ornithine content of the plasma but a reduction of the phenylalanine and 
tyrosine values was found. Owings (1960) found that the arginine concentra­
tion of the plasma was reduced by lysine additions to the rations fed to 
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chicks. The mechanism for the relationship between phenylanine and 
tyrosine and lysine is difficult to postulate. Phenylalanine and 
tyrosine do not act as cations at the pH of blood plasma, and also the 
cationic amino acids are not reduced by the feeding of lysine. Lysine 
does form a ring compound in its degradation process but this bears no 
resemblance to the tyrosine and phenylalanine degradation products. 
The addition of lysine to the rations increased the lysine concentra­
tion of the plasma, but this is not always accompanied by a decrease of 
the potassium concentration of the blood plasma. This indicates that 
the total plasma cations are increased, but also that there is no 
competition between lysine and potassium for entrance into the cell. 
These results are much the same as those reported by Eckel et al. (1958b). 
The cation increase must always be associated with an increase in anions 
to maintain ion balance. No attempt was made to measure the tissue anion 
levels in these studies. Eckel et al. (1958b) increased the lysine 
accumulation of rat muscle without potassium depletion and decreased the 
lysine accumulation by feeding ammonium chloride. This suggests that 
although cation balance plays an important role in these processes other 
metabolic relationships must also be considered. 
The concentration of an amino acid in the plasma is directly related 
to the intake of that amino acid. Puchal (1962) found this relationship 
to hold for all eseential amino acids but not for the nonessential amino 
acids. The requirement for an amino acid must be considered, and the 
theory of Almquist (1954) is that the diet is deficient in the amino acid 
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having the lowest plasma concentration. In Experiment 1160, the pigs 
fed the casein diets had the highest plasma lysine levels. Lower lysine 
levels were found in the plasma of the pigs fed the fish meal diets and 
pigs fed the soybean meal had the lowest lysine levels in the plasma. 
This is also the order of the lysine content of these protein sources. 
The histidine and phenylalanine and tyrosine content of the plasma was 
also found to be directly related to the level of these amino acids in 
the plasma, however, the arginine values were too variable to draw any 
conclusions. 
The free amino acids in the whole skeletal muscle, kidney and liver 
were measured. It was found that there was a direct relationship between 
the amount of lysine in the ration and the free lysine content of the 
skeletal muscle. This has been previously reported in chicks (Jones 
(1961)) and rats (Eckel et al. (1958b). An indication of a similar 
response is shown for the kidney but the effect is less marked. The free 
lysine content of the liver was not found to be influenced by the lysine 
content of the ration. It was observed that the better growing pigs have 
the higher free amino acid level in the skeletal muscle. This relationship 
to the intake of amino acids and growth can be related to similar changes 
occurring in the blood plasma. It may be assumed that the amino acids 
are carried to the muscle by the plasma, and if the uptake of the amino 
acids were one of passive diffusion then different amino acid composition 
of the muscle would result as is shown here. This explanation is made 
feasible by the similarity in the amounts of the amino acids present in 
the skeletal muscle and the plasma. 
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A different explanation must be considered for the liver and the 
kidney. The amino acid level found in the liver and the kidney is much 
higher than that of the blood plasma and thus passive diffusion could not 
be the explanation of the uptake of amino acids by these tissues. An 
active process must be present, and this could absorb the amino acids 
in proportion to the requirement by the organ. The liver is the most 
actively protein synthesizing organ of the body because of the rapid 
turnover rate of the plasma proteins. To maintain this rapid rate of 
protein synthesis the free amino acid concentration of the liver is 
maintained within narrow limits. A similar discussion may be applied 
to the kidney. 
There is one basic defect in such an explanation and that is, that 
the free amino acid concentrations of the kidney and liver as reported 
by other workers (Talion et al. (1954) and Eckel et al. (1958a)), for 
other species, are much lower than those reported here. However, the 
concentrations of free amino acids in the liver and kidney of the rat, 
chick and cat are higher than the levels of the plasma. No explanation 
is available for this large species difference. 
The arginine content of the liver is about the same as that of the 
plasma while that of the kidney is much higher. The arginine content 
of the liver is in direct relation to the arginine content of the plasma 
which would be as expected if arginine was accumulated by the liver by 
passive diffusion, unlike the other amino acids. 
The addition of potassium to the rations caused a reduction of the 
free basic amino acids of the muscle and kidney tissue but not of the 
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liver tissue. This is analogous to the work of Eckel et al. (1958a) and 
Brandt et al. (i960). The fact that the amino acids of the kidney are 
slightly reduced without an increase of the potassium content of this 
tissue is not in agreement with the theory of the maintenance of cation 
balance at all times. The lysine content of the skeletal muscle is 
reduced to a much greater extent than the ornithine and arginine values. 
Histidine, camosine and anserine could not be separated, but their total 
reduction with the addition of potassium to the rations was large. This 
reduction cannot all be attributed to the histidine as histidine is found only 
in low concentrations in the muscle tissue, and this indicates that camosine 
and anserine must also be reduced by the potassium additions to the rations. 
Brandt et al, (1960) and Iacobellis et al. (1956) found the camosine and 
anserine levels unchanged by the potassium treatments. These compounds are 
likely to exist in the cationic form in the tissues and thus Brandt et al. 
(1960) suggested that the cation balance theory of Eckel et al. (1958a) is 
not the only explanation for the observations found in the potassium defici­
ency states. The camosine and anserine levels in these studies were much 
lower in the fish meal fed pigs than in the pigs fed the other two sources 
of protein. It may be that fish meal supports poorer growth of the pigs 
on account of some inability of the pig to form peptides from this protein 
source as possible precursors in some types of protein synthesis. 
The free basic amino acid concentration of the red blood cells was 
found to be of the same general magnitude as that of the blood plasma except 
that the concentration of arginine in the cells was very low. The amount of 
166 
arginine in the plasma may be accounted for by its transport in the 
blood plasma before its breakdown to urea by the kidney through the 
action of arginase. There was an increase in the lysine concentration 
of the red blood cells as the lysine intake was increased, but the 
effect was much smaller than that observed in the plasma. Plasma was 
to some extent included with the red blood cells. The arginine, 
ornithine and histidine concentrations of the cells were not altered 
by the lysine additions, but there was a decrease in the phenylalanine 
and tyrosine value. The addition of potassium to the rations decreased 
the amount of lysine in the red blood cells but again the decrease was 
small compared to that observed in the blood plasma. 
Other Studies 
The protein content of the plasma was determined in Experiments 1127, 
1132 and 6306, and the amount of protein in the plasma increased with age 
from four to six weeks. After four weeks of feeding the experimental 
rations the pigs fed the greater amount of protein in the rations had the 
higher plasma protein concentrations. This difference was not observed 
after two weeks of feeding the experimental rations and thus time was 
required for the development of this difference. If the plasma protein 
level is increased, this means that the liver is producing these compounds 
at a more rapid rate possibly due to the greater availability of amino 
acids to the liver from the blood plasma with its higher protein and 
amino acid levels. 
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Increasing the protein content of the diet increased the hematocrit 
values* This was previously shown by Piatt (1961) and may be explained 
in a manner similar to the increase in the plasma proteins. The higher 
protein intake results in higher plasma amino acid concentrations and 
more amino acids are available for protein synthesis which includes 
both hemoglobin and plasma proteins. 
The alpha amino nitrogen contait of the blood plasma was increased 
with increasing age of the animals as was observed by Puchal (1962), but 
this is not in agreement with the work of Chubb (1959). The potassium 
additions to the rations decreased the alpha amino nitrogen values of 
the plasma and this is probably the effect of the decrease of the basic 
amino acids in the maintenance of cation balance. 
This study is not considered complete and many aspects do need 
further consideration. In all these studies the sodium was added at a 
constant level of 0.2 per cent of the ration except for the fish meal 
ration. This may need to be increased to keep a favorable sodium to 
potassium ratio, Hannan (1959), or it may need to be decreased as sodium and 
potassium do exert a sparing effect upon each other, (Meyer et al. (1950c). 
Soybean meal was the only source of protein studied in detail and it should 
be worthwhile to continue the interesting observations of Experiment 1160 
with different sources of protein. In the analysis of the skeletal muscle, 
liver and kidney the amino acid content of the whole tissue was measured 
and it would be worthwhile to measure both extracellular and intracellular 
amino acid composition to determine the location of the changes* 
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Diarrhea in baby pigs is a frequent farm problem in swine nutrition 
at the present time and it results in large electrolyte losses to the 
animal. During diarrhea the dosing of pigs with sodium and potassium 
may be beneficial. 
The form in which the potassium is supplied to the animals may need 
further consideration. 
In general, it may be said that the study of potassium in the pig 
is not a practical problem of swine nutrition at the present time, but 
it should also be considered in relation to diarrhea of the baby pig. 
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SUNMAÏIY 
Seven experiments involving 320 pigs from, two to eight weeks of age 
were conducted to study the effects of variation in the level of potassium, 
lysine and protein in the ration on baby pig performance. Corn and 
soybean meal rations were fed exclusively in six of the seven experiments 
while casein, fish meal and soybean meal were compared in the last experi­
ment. The following points have been concluded from the data obtained 
under the specific dietary and experimental conditions of these experiments. 
Supplementing the baby pig rations with 1 or 2 per cent potassium 
acetate improved the growth rates and the efficiency of feed conversion 
of the pigs in six experiments in which the animals received less protein 
than the requirement for optimum growth of the pig. This effect was 
statistically significant in three of the experiments. Diets which were 
adequate in their protein content were improved by potassium supplementa­
tion in two of the trials. The addition of 1 per cent potassium acetate 
to the rations produced a better response than the 2 per cent potassium 
acetate additions. 
The addition of lysine to the diets improved the growth rates and 
the efficiency of feed conversion of the pigs fed levels of protein from 
7.6 to 24 per cent of the diets. Increasing the protein content of the 
diets within this range, using com and soybean meal rations, increased 
the growth rates of the pigs in direct relation to the protein concentra­
tions fed. 
170 
The concentration, of potassium in the diets was reflected in the 
potassium content of the blood plasma and skeletal muscle of the pigs. 
As the period of feeding the rations high in their potassium content was 
prolonged the potassium content of the plasma was increased. With the 
increase in the potassium content of the rations there was a decrease 
in the sodium content of the blood plasma. The sodium and potassium 
content of the kidney and liver was not altered by changing the dietary 
intake of these minerals. The potassium content of the blood plasma 
increased with the age of the animal, but the sodium content of the blood 
plasma was maintained at a constant level. 
The concentration of free basic amino acids in blood plasma was 
increased with the age of the animal. The supplementation of the rations 
with potassium resulted in a decrease of the free basic amino acids in the 
blood plasma, skeletal muscle and whole kidney tissue. This reduction was 
greatest for the lysine values and least for the histidine values. 
The addition of supplemental lysine to the rations increased the 
lysine level of the blood plasma. The. increase was greater in the pigs 
fed 14 per cent protein rations than in pigs fed 24 per cent protein 
rations. There was no change in the ornithine, histidine and arginine 
values with the lysine supplementation. The dietary lysine was reflected 
in the skeletal muscle and kidney, but not in the liver. 
The concentration of lysine, phenylalanine and tyrosine and histidine 
in the blood plasma was in direct relation to the concentration of these 
amino acids in the casein, fish meal and soybean meal protein sources. 
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Increasing the protein content of the diets increased the plasma concentra­
tions of lysine, histidine and arginine, but if soybean meal was the source 
of protein the increase in the lysine level was small. 
The amount of protein in the blood plasma increased with the age of 
the animal and the amount of protein with which the pigs were supplied. 
The hematocrit values also increased with the higher protein diets. 
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